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reflect the views and
those of the speakers and do not necessarily

its Research Advisory
policies of the International Joint Commission or
Board and Committees' framework.

Mention of trade names or commercial
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In May 1976,

the Scientific Basis for water Quality Criteria Committee

(now a Task Force) of the Research Advisory Board proposed that the Board

sponsor a workshop on environmental mapping and biological allocati
on in the
Great Lakes.
This was approved and a steering committee was established to

direct and coordinate the effort.
The meeting was originally entitled:
"Workshop on Environmental Value Mapping of the Great Lakes". Prior to the
workshop and especially during the meeting itself, it became apparent that

the word "value" in the title was controversial.

There was disagreement as

to whether mapping the environment in terms of "value" would be a useful
exercise and whether it is meaningful to assign values to different parts of

an environment since all habitats and all biological components may be vital

to the maintenance of ecosystem integrity.

However, there was general

agreement that environmental mapping holds promise and should be explored.

Thus, the term "value" was deleted from the title. The workshop emphasis was
shifted away
fromthis aspect and focused primarily on environmental mapping
in the Great Lakes.

The intent of the workshop was to stimulate thOught and discussion among
the workshop participants on the potential benefit of mapping as an aid in
restoring and enhancing water quality of the Great Lakes. The workshop was

organized into three major presentation sessions:

Concepts and their

Applications - Uses of Maps; Previous Mapping Efforts; and Availability of

Information.
Concurrent group sessions were subsequently held to identify
and summarize priorities of the respective presentation sessions"
A summary

session followed to present conclusions, recommendations, and research needs
identified in the group sessions.
Because of the interest that was stimulated
in environmental mapping, an informal discussion session was held on the

evening of the second day to discuss the relative merits of mapping and how
to proceed with mapping the Great Lakes.
This publication presents the

proceedings of this workshop.

The editors wish to thank the participants of this workshop for their
contributing papers which were requested on short advanced notice.
Thanks is
also extended to Dr. Dennis Konasewich and Dr. Andrew Watson for their help
in the workshop activities and Ms. Norma Gibson McDonald for her help in

editing.
Special thanks also go to the members of the Workshop Steering
Committee: Dr. William Brungs, Mr. Jack Christie, Mr. Carlos Fetterolf, Mr.

Richard Millest, Dr. Andrew Robertson and Dr. Nelson Watson for their assist-

ance in the organization and operation of the workshop, and their summation
of the workshop achievements.
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I am pleased and excited to be here because I think we are on the thres

hold of developing a means which will enable us to perceive a Great Lakes as
a system and to identify the action necessary to achieve our management
objectives.
In 1965, I started serving on federal interstate and international
committees to advise governments on various problems of the Great Lakes.
think my Great Lakes committee experience now comes to about fifteen.

I

From

that early moment I became an advocate of management and research related to

a Great Lake on a waterbody basis.

body" the way Webster does.

So much so that I refuse to write "water

He makes it two words.

I chose to write it as

one word, connecting a oneness, and I hope that in the future Webster
will
agree with me.

On my return to Michigan from Washington in 1973, I became very active
in IJC because that body had a mandate to consider the lakes on a waterbody

basis.
In 1975 I joined the Secretariat of the Great Lakes Fishery
Commission.
A prime reason was their mandate to work on the lakes on a
waterbody basis.
This workshop is in part, an outgrowth of my waterbody

conviction.

I believe that Great Lakes maps showing areas of biological and

social importance will put uses in better perspective,

lead to a better

understanding of the system, and provide a better information base leading
to

better management decisions.

By the time you leave here I hope we all share, to one degree or another,
that view.
We are here to find out what should be put on environmental maps;
why, how, for what purpose, and how much of that information we already
have

in one form or another that is waiting to be put into a form we
can all use.

My introductory talk will be no news to many of you experienced
IJC cooperators,

but may be of considerable interest to those of you with less IJC experien
ce.
Signing of the Canada-U.S. Great Lakes Water Quality Agreement in 1972

was a shot in the arm to the venerable International Joint Commiss
ion (IJC)
and has resulted in a burst of activity among the two countri
es, eight states
and the province which have regulatory jurisdiction in water polluti
on
matters on the lakes.
Given this many entities sharing a resource it is
obvious there are a variety of philosophies, purposes,
and management plans
extant, some complementary and some not.

The boards, committees, sub-committees, reference groups and task forces
of the Commission, aided and spurred by a capable and well staffed Secretariat,
have provided the fora in which there could be a meeting of minds, definition
of goals, development of mutually-agreeable plans, and coordination of act

Steady progress is being made towards reaching the plateau from
ivities.
which attaining the lofty goals of the Water Quality Agreement should be

Yet there are questions whether a true integrity, a true wholeness
possible.
the reaching of desired management objectives, can be achieved on a waterbody

basis when there are some definitions and limiting mechanisms missing.

These

t,
same questions apply to pollution control programs throughout the continen
water
I am questioning some of the basic concepts of
and perhaps the world.
on control and suggesting a conceptual mechanism
polluti
quality and water
management planning.
which deserves consideration of inclusion in future water

(WQOS)
In 1974 I chaired the IJC Water Quality Objectives Subcommittee

ves for the Great
which, was charged to provide specific water quality objecti
the Standing
from
help
of
deal
great
a
d
We worked with, and receive
Lakes.

Research
Committee on Scientific Basis for Water Quality Criteria of IJC's

Advisory Board.

"Specific water quality objective" as defined in the Water

l effect that the
Quality Agreement is the level of a substance, or physica

minimum
parties agree, after investigation, to recognize as a maximum or
into
taking
desired limit for a defined body of water or portion thereof,

desire to secure
account the beneficial uses of the water which the parties
and protect.

a,
The Subcommittee developed the objectives from water quality criteri

mostly data on the
the bank of experimentally derived information containing
want in your
don't
you
es
respons
produce
characteristics of water which
by applying
s
ndation
recomme
From those data we derived
natural waters.

tion
safety factors in most instances, and experimentally-derived applica
really
we
what
Thus,
uses.
c
factors in a few instances, to protect specifi
did,

end the minimum
as has repeatedly been done in the past, was to recomm

quality of water

whichwill provide for and protect a designated use.

water quality objectives
The Subcommittee was reluctant to provide specific

d for limiting
when no well defined international-interstate mechanism existe
on a waterbody
but
lossesof value, not only locally,
the present and future
basis.

ce with water
The Agreement makes provision for areas of non-complian

define the allowable
quality objectives and does not provide a mechanism to
The extant limitation framework of the Agreement
limits of these areas.
ls; (2)
(1) restricting mixing zones to the "vicinity" of outfal
includes:
"reasonable and
keeping localized areas to a "minimum"; and (3) taking

where it is now better than
practicable measures" to maintain water quality
used.
We were concerned how the objectives would be
objectives.

conditions acceptable
When scientists describe the minimum water quality
ce-

to be a feeling among enfor
and these are adopted as standards, there seems
Maybe so,
met everything is okay.
ment agencies that as long as standards are
um con
minim
more
or
two
It should not be assumed that when
but probably not.

of use is assured. Considering
ditions occur simultaneously that protection
characteristics, it is doubtful we
the infinite combinations of water quality
s,
all combinations even for adult organism
will ever be able to predict effects of
2

much less for their life history stages and processes.

If you lower existing

water quality which is better than the standards £g_the standards you've lost

value, although the loss may not be immediately measurable by our crude
ecosystem quality evaluation techniques.
Conversely, if you raise a degraded

condition so that it meets water quality standards, enforcement people are

happy, but meeting minimum conditions may not constitute an unimpaired situation
or result in the biological productivity you seek.
Only your receiving

ecosystem and the welfare of the water users truly reflect the quality of the
situation.

The National Pollutant Discharge Elimination System (NPDES) places
qualitative and quantitative limits on effluents.
A happy day for enforce
ment agencies.
Measure and analyze the discharge.
A quick answer results,
in compliance or not.
Now really, do you think anyone could adequately
describe and place limits on all the components of the discharge from a
large, diversified product chemical plant so no harm to the ecosystem would
result?
There is no way to list and limit knowledgeably.
For example, the
permit for Hooker Chemical, whose effluent finds its way to Lake Ontario,
specifies a maximum of 950 pounds per day of unspecified chlorinated hydrocarbons.
How much of these materials are non-persistent is not known.
Nor is
the quantity which is persistent and bioaccumulable.
How much is or has been

Mirex, the chemical whose residues in fish has caused New

York to not only

warn against eating several species from Lake Ontario, but to rule against
even possession of many species? Mirex is not mentioned in the permit.
Lake Ontario has just benefited from the first complete round of
tributary treatments by agents of the Great Lakes Fishery Commission to
control sea lamprey, the parasite whose predation makes maintenance of a
population of salmon and trout in that lake virtually impossible.
Lake

trout, other trout, and salmon were stocked and are growing very well.

fishing is good and the interest of the people very high.
been taken away under a permit to pollute?

The

Has this resource

Again, the ecosystem reflects the success of control programs.

Limits

for discharge of unspecified toxic materials should be designed on a basis of
toxicity units or bioaccumulation units derived from both short and long term

bioassays and exposures.
And still that won't guarantee a healthy ecosystem.
You can't just be happy withmeeting regulations. Remember your ultimate goals,

and don't be overjoyed by
"Aaa hhh".

your intermediate steps!

Ask your ecosystem to say

One of the Subcommittee's key concerns was mixing zones.
They are areas
where non-compliance with water quality objectives or standards is allowed.
Whenever water quality objectives are not met there is a loss of value, a
trade-off.
There can be only so many trade offs before you discover that
the ecosystem community and uses which were your management objectives have
really not been traded off.
They've been ripped-off, nickeled and dimed to
death.

The function of biologically valuable areas essential to ecosystem
Spawning areas in rivers have been made
maintenance in lakes has been lost.
inaccessible by dams.

Spawning marshes have been filled in.

Protected areas

for nursery grounds are now called harbors, "localized areas of non

It is obvious to even the casual observer that there is a limit
compliance".
e collapse of
to these losses before ecosystem imbalance results and ultimat
the important elements of the community occurs.

to
Mixing zones are often arbitrarily limited in size and configuration

We should have better
simplify enforcement and match treatment capability.
number on
Mixing zones should be limited in size, configuration and
sense.
ves.
objecti
ent
managem
and
uses
the basis of interference with

we suggested
After we had made the above points and many more to the IJC

the Great Lakes,
that if the management objective was multi purpose use of
achieving high
or
ining
mainta
to
including the most sensitive uses, the key
parts of the
those
of
tion
value sensitive uses is rehabilitation or protec
e the
Provid
uses.
ecosystem which contribute most importantly to those
considering
but
simple,
Basically very
habitat so the function can take place.
cated
compli
very
road,
the tug of war in water uses today and looking down the

Our first plan was based almost entirely on biologically

to achieve.

It was similar to the mixing zone limitation
important habitat and function.
guidelines for implementation
on waterbodies plan in an early draft of the EPA

of Section 316(a) of PL 92 500, circa 1974.

A small group of biologists and

has now been dropped
engineers keep shaping and reshaping that plan, which

from the 316(a) guidelines.
Simplified,

mechanism
the basic steps of the biologically based limiting

are:

(1)

It's a hopeless case if entity
Agree on management objectives.
ody,
A wants one fish community and B, who shares the same waterb
wants another.

(2)

(3)
*(4)

survival
Identify important species and their reproductive and

Those important in
What's an important species?
strategies.
producing those
sports or commercial fishing, in the food chain
function.
creatures, or in maintenance of system structure and

Establish their seasonable biotic zones.
to ecosystem
Assign numerical value to zones on basis of importance
supply,
short
in
was
t
habita
if
function. Value would be higher

and lower if there was a surplus.

to the end of this
*"Value" and "allocation" are emphasized from this point
the controversy
The first paragraph of the Preface briefly explains
chapter.

workshop and that emphasis
which immediately surrounded these words at the

shifted away

fromvalue

and focused primarily on environmental
allocation

text, but several
The concepts could have been deleted from the
mapping.
To give
ence the concepts.
contributors, both invited and informed, refer
ed.
the reader perspective, the concepts are includ

(5)

Select level of protection.
This is where social choice comes in,
because the greater the level of protection desired, the greater

will be the restrictions against further encroachment.

This is the

step where we all get impressed once again that there's no free
lunch.

(6)

Calculate value available for uses not in compliance with water
quality objectives.
This is where you may find y0u still have some
value to trade off while still maintaning your ability to achieve

your management objectives. Or you find you can't trade any more.
Or you find you've
already
lost too much, to the point that water

body integrity in line with management objectives is threatened, or

already down the drain.

At that point you have two choices:

downgrade your management objective; or rehabilitate some of the

critical habitat you've

(7)

already
lost.

Allocate value to present noncompliance uses while maintaining
a reserve for the future.
This is when the bartering gets really
complicated between those entites sharing the waterbody and it's
discovered that good old entity A has already used more than their

share and entity B has lots of value left to use.

A factor is missing from the above scheme.

Other high value uses such

as recreation areas, water intakes and aesthetic sites.
to the value scheme.

These must be added

Our Committee recognized that a waterbody map highlighting these areas
of environmental value and their functions was essential to identifying the
availability of habitat which could be limiting to achieVement of objectives.
The Research Advisory Board of IJC agreed, and is sponsoring the workshop on

the feasibility of environmental value mapping of the Great Lakes.

We will

consider what information the many potential user groups would like to see on
the maps; previous environmental mapping efforts in Galveston Bay, Chesapeake

Bay,

the Potomac Estuary and the New York Bight; the availability of such

information for the Great Lakes and what work is needed to produce the desired

maps.

We have a feeling this type of mapping is going to happen, but we don't

know who'll do it. In th U.S. the Fish and Wildlife Service, the Coastal
Zone Management Program, the National Marine Fisheries Service, and Sea Grant
are all making interesting noises.

Canadian fishery interests are leery of

the word allocation because of its connotation of further trade-off or give
away.
They generally feel that the keys to successful management are rehabilitation of habitat environment in the lower lakes and maintenance and protection
in the upper lakes.
I feel that environmental value maps can display the
need for rehabilitation with more impact than other methods.
I hope Canadians
will support environmental mapping. Maps of the Great Lakes would look
pretty silly if they only extended to the international boundary.
There is also genuine concern that preparation of maps fixes the envir
onmental situation in concrete.
There is no question the maps must be kept
up to date as our knowledge of ecosystem structure and function becomes more
complete.

The maps will be no more in concrete than water quality standards, which are

in a constant state of review.

In their recent annual report to the IJC,
wrote:

the Water Quality Board

"The Water Quality Board awaits the product of the workshop,
for the Board feels it is necessary to have a waterbody value
map to reach any defensible decision on waterbody management.

The Board is considering promoting the development of waterbody
value maps for each Great Lakes as an interagency project
coordinated by IJC as an accompaniment to any waterbody

management scheme".

"any waterbody
The key words above, to me, are "any defensible action" and
ve our lakes in
management scheme". The Board recognized the need to percei

tion
The Committees are not claiming that the value alloca
an holistic manner.
ical
biolog
protection of
scheme outlined simplistically above is the panacea for
further consideration
integrity and limitation of loss of beneficial uses, but
d limiting mechanism.
define
some
for
need
the
on
of the concepts forces thought

Conceiving is always more fun than giving birth.

We have conceived two

sm, the first is
concepts; environmental value maps and a limiting mechani
birth to environmental
giving
We're in the hard work phase,
part of the second.
maps and reshaping the fetus of a limiting mechanism.
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Environmental maps must address the needs of the intended users.

Speakers

were invited from environmentally related disciplines to discuss the concept
i.e. "Should
and application of environmental mapping of the Great Lakes:
of informa
types
What
environmental maps be constructed for the Great Lakes?

tion should be included? And how should the information be displayed?"
Several speakers chose to confine their remarks to selected discussion points
feeling that greater emphasis was needed on these subjects.

USES OF ENVIRONMENTAL MAPS IN
DETERMINING AREAS OF NONCOMPLIANCE
Environmental

w.

A. Brungs

Research Laboratory-Duluth

U. S. Environmental Protedction Agency
Duluth, Minnesota

INTRODUCTION
Regulatory mechanisms are required to protect the balanced communities
within the Great Lakes by limiting the total areas of potential degradation.
One mechanism is the area of noncompliance (or mixing zone) which is
defined as that in the vicinity of a discharge where water quality
objectives may not be met.

In order to assess the overall impact of discharges, one must be able
The basic questo evaluate the total effect of all areas of noncompliance.
The
acceptable?
is
damage
potential
of
level
What
is:
answered
be
tion to
water
the
in
value
biological
total
the
of
knowledge
answer to this requires
body segment as well as an assessment of the risk associated with sacrificing
Thus, how much of the total biological value
a portion of this total value.
can be affected by areas of noncompliance without adversely influencing

balanced communities within the segment?

A most important
Several principles apply to most areas of noncompliance.
principle is that areas of noncompliance are areas where water quality
objectives may not be met and damage may occur; therefore, the permissible
size of all areas of noncompliance within a water body is dependent on the
Since present conditions must be considered,
acceptable amount of damage.
the Great Lakes where unacceptable damage is
of
portions
are
I'm sure there

already widespread.

For obvious regulatory reasons, the dimensions of a

single area of noncompliance should be specified so that both the discharger

and the regulatory agency know its bounds.

While there are principles about

the size and shape that can aid in decision making, an area of noncompliance
should be determined by taking into consideration the unique physical and
In addition, limits must be
biological features of the receiving water.
mixing zones.
within
e
placed on the water quality permissibl

Although the conditions of noncompliance should be determined for each

site, there are some general principles.

Conditions that are rapidly lethal

to locally important and desirable aquatic life should not be permitted.
Many planktonic organisms are such
Generally, rapid mixing is desirable.
weak swimmers that they must drift thrOugh the area of noncompliance and will
in
be exposed to its conditions for a long period of time, particularly
s
organism
these
allow
Therefore, toxicity or adverse conditions should
lakes.

to survive without undue damage or stress.

In addition, concentrations of

some than those
adverse pollutants which attract animals are more trouble
For example, crowding together in a heated plume
avoided by aquatic life.
may enhance disease susceptibility and transmission.
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BIOLOGICAL CONSIDERATIONS
From a biological standpoint, the location of the area of noncompliance
is important.
It is generally true that an offshore discharge has a lesser
potential for adverse effect than a comparable onshore discharge into shallow

water.
Shallow water generally has a higher biological value and is more
productive, since food production is greater in the shallow water zone. Light
penetration is sufficiently deep to support growth of periphyton, attached
algae, and rooted vegetation; terrestrial food organisms and nutrients from
runoff are commonly more plentiful; there is a greater variety of substrates
(sand, sediment, and rubble as contrasted to mostly fine sediment in deeper

water) that provide habitat for many kinds of food organisms; and oxygen
concentrations are more favorable because wave action and diffusion processes
transport oxygen to the bottom.
The number and variety of fish are greater
in shallow areas because they are used as spawning and nursery grounds.

In

addition, prior to spawning migrations into tributary streams, numerous fish
species concentrate in shallow waters until conditions are optimal for
spawning runs.
The reasons for this are numerous:
cover provides more pro-

tection from larger predators; the more diverse substrates support a greater
variety of species in larger numbers than the more uniform habitat of deep
waters; and many fish species migrate through the shallow shore zones.
Protected bays and coves are often the most biologically important, probably
for the above reasons, but also because wind and wave action are potentially
less damaging during storms.
In some instances, however, the very shallow water (less than a few
meters) can be less productive because of wave action by wind or shipping

activities can produce an unstable substrate of shifting sand and sediment.
Areas of noncompliance in shallow water affect a greater benthic area due to

limited dilution volume and natural turbulence resulting in top to bottom .
Areas of noncompliance should not be positioned so as to block
mixing.

the migratory routes of important species.

Another consideration is

recreational uses, such as water contact sports and sport fishing which are
This zone is also important to the aesthetic
concentrated in the shore zone.
appeal of water bodies.

The foregoing discussion identified certain biotic zones related to water
depth (e.g. shore zone) that are more important than others. Depth then can
be used initially as a simple and convenient tool to delineate the various

The light intensity at which oxygen production
zones on environmental maps.
in photosynthesis and oxygen consumption by respiration of the plants concerned

are equal is known as the compensation point, and the depth at which the
This depth will
compensation point occurs is called the compensation depth.
of day,
time
season,
upon
dependent
is
and
segment
any
in
vary of c0urse
factors.
other
and
,
(turbidity)
water
the
of
condition
sky,
cloudiness of the
An approximate determination of the compensation depth as the means of

differentiating the shallow and deep water zones is simpler than conducting
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a thorough biological characterization necessary for adequate environmental

maps.

If such a characterization, based on the various biological populations,

is available in adequate detail,

it should be used.

BIOLOGICAL VALUE
As noted above, the various biotic zones existing within a portion of a
water body must be appropriately defined in environmental maps together with
additional data on socio economic, aesthetic, and commercial considerations.
As well,
these biotic zones have different biological values.
Common sense

indicates that areas of noncompliance should be located in the less valuable

biotic zones or in those with larger areas.
Thus, a biological value for the
various biotic zones could be established in order to allocate areas of
noncompliance.
Zones of high importance would be assigned high biological
value.
Although the biological or environmental value determination cannot be
strictly objective, the expert opinion of biologists familiar with the local

situation must be utilized.

Highly valued trout waters, areas inhabited by

endangered species, and many very productive areas might be considered

invaluable and given a value of infinity and thus exlcuded from consideration
as discharge areas.
Value can be based proportionately on the ratio of the
species diversity in the areas.

Current swept mid channels of connecting

waterways or deep waters, devoid of dissolved oxygen (D.O.) can both be given
low value. When a competent data base for establishing biological value does
not exist, one may assume the biological value to be the same for all biotic
areas

(i.e. the value of a unit area is inversely proportional to the total

area in each zone).
Thus by proportionately restricting the area of non
compliance to the same percent area used for mixing, one avoids placing all
areas of noncompliance in one biotic zone. As is shown later, the biological
value is important because it defines the upper limits on the area of each
biotic zone to be used for mixing.
The limits allow dischargers to select
better sites and permits regulatory agencies to encourage discharges into the

areas least likely to be damaged.
The concept of assigning biological value
is also important because the total area allocated to noncompliance can be

more easily and accurately allocated than areas for individual point sources.

This is because any error is distributed proportionally to each area and the

decision considers the potential combined effects of all discharges.

done by competent staff, this only needs to be decided once.

To be

LEVEL OF PROTECTION
What percentage of total biological value should be used? Conditions
necessary for all life history processes may not be provided for in areas of

noncompliance.

When an excessively large percent of a water body segment is

made up of these areas, the population of some species will decline and an
unpredictable chain of events may ensue.

ll

Furthermore,

conservative estimates

of an acceptable percentage of an aquatic environment to be allocated to

areas of noncompliance must be made since predictive capabilities are uncertain.

Determination of the amount of a segment's biological value to be allocated is

based on a variety of criteria including:

type of waterbody, water velocity,

depth, number and type of habitats, migration patterns, nature of the local

Level of productivity, water
food chain, and present extent of degradation.
recruitment, value to
provide
to
waters
temperature, ability of tributary

humans (aesthetic, commercial and sport fishing, recreational), endangered
species, and other factors should also be considered.

It is acknowledged that any estimate of the amount of area assigned to

However, acceptable risk
noncompliance must be based on expert opinion.
differs between waterbody segments since there are varying degrees of pro

Several degrees of
tection desired or required for different waterbodies.
protection are recommended: Maximum level of protection for fragile environ-

ments; low level of protection for the less valuable environment or an

environment most capable of withstanding insults; and a moderate level of
protection intermediate between the two. The percentage of biological value
to be consigned to areas of noncompliance could be 1 percent for maximum
protection to 10 percent for a low level of protection, with values from 1-10
More than 10 percent could be chosen
selected for intermediate protection.

where economics or other considerations warrant,
1 percent for unique biological environments.

or restricted all to less than

LOCATION AND SIZE
The position of areas of noncompliance relative to each other is important.

Where they contain different components

(such as heat and copper) or

they are adjacent or overlapping, special consideration is required.

Over

lapping areas are acceptable if there is no significant additive effect and
lessarea is used
In this way,
the toxicity limits given previously are met.

for a given number of dischargers, although regulatory problems may be more
PreviOus methods for establishing mixing zones have resulted in
difficult.
(such as an area equivalent to a circle with a radius of 1,000
sizes
fixed zone
concept, the size is fixed by its impact on the
present
feet). With the
biological value, rather than by some predetermined physical limit.
While recognizing that size is related to biological value, certain

notions can be expressed.

For physical reasons, the size of the area of

noncompliance may need to be greater for large discharges than for small ones.
The permissible size depends in part on the size of the water body segment,
the larger the segment, the larger the mixing zone may be without exceeding a
The acceptable size depends also on the
given portion of the total segment.
The greater the
number of areas of noncompliance in a water body segment.
number, the smaller each must be in order to keep the area devoted to these

areas sufficiently small.

In this connection, future growth of industry and

population resulting in additional discharges must be considered.

In addition,

there are some segments of the Great Lakes that have been excessively degraded
12

as a result of man's activity and these areas will require rehabilitation.
Once judgements have been made on biological value and level of protection,
the administrative process of allocating areas of noncompliance takes place.

SUMMARY
Those of us who support the use of environmental maps as the first step
for
in the development of a relative environmental or biological value system
necessary
and
ies
difficult
the
the allocation of areas of noncompliance realize

subjective nature of some aspects of this system. We believe that it is not
the best solution to the control of point source discharges but it is an

ic manner
attempt to attack the problem of areas of noncompliance in a scientif
proved
seldom
It has
rather than in the current random, haphazard method.
the Great Lakes.
entering
from
kept
be
n
pollutio
all
that
demand
to
ul
successf
the
It is now time for a reasonable, conservative approach toward determining

acceptable limits of use of these waters. All of our efforts to develop
scientifically defensible water quality objectives for Great Lakes aquatic

deter
life will be meaningless unless we are able to develop a procedure for
applied.
be
to
are
objectives
mining where these
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COASTAL ZONE MANAGEMENT IN THE GREAT LAKES REGION
G. F. Kotas
Great Lakes Basin Commission
Ann Arbor, Michigan

I am here today to discuss both the information gathered by the coastal

zone management programs in the Great Lakes Region on the offshore lake
resources and the additional data needs of these programs.

For those not

familiar with the coastal zone management (CZM) programs in the Great Lakes

Region,

I would like to begin with some brief background information.

The programs are implementation oriented programs for developing guidelines
for the use of the states'

shore zone resources.

The jurisdictional boundaries

of the programs extend lakeward to the international or state boundary as appropriate and landward to include those uses which directly and significantly
affect the coastal waters.
These jurisdictional boundaries clearly demonstrate
that the CZM programs are water oriented.
The programs require integrating
authority to orchestrate the many federal, state, regional, and local agencies

with jurisdictional responsibility in the shore zone, to work within state
established guidelines for the wise use of the shore zone resources.

The eight Great Lakes States are developing CZM programs pursuant to the

Federal Coastal Zone Management Act of 1972 (Public Law 92 583) as amended.
According to the 1972 Act, states are eligible for up to four years of funding
at a formula of 80 percent federal, and 20 percent state to develop their
management programs.
The state is eligible for funds once its program has
been approved by the Secretary of Commerce, whose agency administers the
programs.
Under the federal legislation, the states must coordinate the development
and implementation of their programs with adjacent states.
To facilitate this
coordination, the states asked the Great Lakes Basin Commission in 1974 to
establish a Standing Committee on Coastal Zone Management.

Briefly, the objec

tives of this Committee are:
(l) to serve as a medium to achieve interstate
cooperation in the coastal zone of the Great Lakes as mandated by the Coastal
Zone Management Act; (2) to serve as a forum for discussion of issues of common
concern such as:

a) extent and capability of boundaries, b) compatible programs

which impinge on common geographic areas, for example, Maumee Bay which borders
on the States of Michigan, Indiana, and Ohio, c) to facilitate timely discussion
and resolution of coastal zone issues/problems of state and national interest,
d) develop and disseminate coastal zone related information of a common nature

and concern, and (3) to act as a convener for workshops, meetings, and discussion. The Committee works closely with Environment Canada and agencies of
the Province of Ontario, particularly on shore recession/erosion studies.

The

membership of the Committee includes representatives of the eight Great Lakes
States coastal zone management programs and representatives of six federal

15

agencies.

The Committee has sponsored several workshops to assist the states

in the development of their coastal zone management programs. The Committee
is currently sponsoring a study of coastal dependency and trends of energy
faciliities in the Great Lakes region with funding from the Office of Coastal

Zone Management, NOAA, U.S.
The Great Lakes States'

Department of Commerce.
coastal zone management programs are at different

states of development because each began their programs at different times

and proceeded at different rates.
Therefore, the question of information
generated and information needs for the states becomes more complex.
For
example, the states of Michigan and Illinois plan to submit their programs
for review within six months, whereas Indiana and Ohio are now beginning the
second year of their programs.
Because the entire U.S. portion of the Great Lakes is within the juris
dictional boundary of the coastal zone management programs, the proposed

environmental mapping of the lakes is of great interest to the states.

A major element in the development phase of each state's program is an
inventory of the shore zone resources including the natural resources,
economic resources, and social resources.
To prepare for this talk I have
surveyed the coastal zone management programs of the eight Great Lakes States

to determine the following:

(1) the information gathered or to be collected

by the states on offshore resources to keep attendees of this workshop abreast

of state work in this area; (2) the parameters of special interest to the
states when considering an environmental mapping effort.

Major emphasis in all the programs has initially been land oriented
because of the availability of data on land resources.
In general, most

states have mapped shoreline land use including very detailed recreational
use inventories. Most have mapped outfalls and water intakes and some
attempt is being made to determine the potential offshore mineral resources.

In particular I would like to describe state by state the work that has
already been accomplished or is planned by the state programs and areas of
interest for additional information.

ILLINOIS CZM PROGRAM
0

Illinois has mapped the dolomite reaf outcrops serving as prime

lake trout spawning areas on the lake bed in water depths of 30 to
60 feet. Management recommendations for these areas have also been
developed.

0

In addition to mapping offshore sand deposits,

deposits are being calculated.
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the volumes of these

0

Illinois has mapped nearshore bathymetry to 30 foot depths, utilizing
one foot contours and is remapping,
study sediment movements.

on a yearly basis, harbor areas to

The Illinois CZM program is interested in additional information on

nearshore and offshore currents, especially noting seasonal variations and
interchange between nearshore and offshore water and sediment.
They presently
have general information on prevailing patterns of sediment transport.
The
additional information would be used for long range planning purposes,

specifically in planning and the future management of the proposed land
extension programs.
Another subject of interest is the changes in water quality of the

Illinois portion of Lake Michigan from the influence of the Milwaukee,

Wisconsin area and from the industrial areas of Indiana.
Depending upon
prevailing current conditions, the quality of the drinking water supply for

the State of Illinois is affected by these two regions.

Information on

offshore and nearshore currents would aid in predicting these poor water
quality conditions and assist in the planning and long term management of
Lake Michigan water quality.

NEW YORK CZM PROGRAM
The State of New York plans to collect and map, at a scale of
l:24,000,

information on the following parameters:

0

Coastal wetlands

o

Estuaries

0

Deep water habitat

a

Shell fish beds

0

Unique ecological areas

0

Rare and endangered species habitat

0

Highly erodible areas

0

Offshore sand and gravel deposits

0

Public boating and fishing access sites

0

Water intakes and outfalls

Representatives of the New York Department of Environmental Conserv
ation pointed out that it is too early in their resource inventories to
specify other parameters or map scales that would be needed for additional

information.

They are interested, however, in the overall effort of

environmental mapping.
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PENNSYLVANIA CZM PROGRAM
Pennsylvania's program has developed some information on nearshore
They are particularly
bathymetry and offshore sand and gravel resources.
offshore sediment
and
nearshore
interested in additional information on
transport, specifically for long term management of the Presque Isle

sand spit. Pennsylvania also expressed interest in studies on the effects
of ice on shoreline stabilization and shoreline recession.

OHIO CZM PROGRAM
Current or proposed work by Ohio includes the following:
0

Energy resources study including an environmental impact analysis of
proposed offshore oil and gas drilling

0

Mapping fish habitat

0

Study of coastal wetlands

0

Survey of acceptable dredge disposal sites

0

Study of offshore sand and gravel

0

Island resources study

0

Identification of general water quality problem areas

resources

Ohio also noted the considerable amount of research being conducted
by the Center for Lake Erie Area Research, especially in the central and
This group is mapping many variables of
western basins of Lake Erie.
Lake Erie water quality and mapping the extent of the anoxic region.
Ohio expressed interest in additional information on sediment transport

for long term management of offshore sediment resources.

MICHIGAN CZM PROGRAM
Michigan is involved with developing information on offshore spawning

areas and offshore.sand and gravel resources.

The State is particularly

interested in additional information on mixing zones, especially in
those areas where there are thermal discharges at river mouths, to
assist in the development of state shore use management strategies.
They are also interested in rare and endangered species habitat and

nearshore currents and sediment transport.
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INDIANA CZM PROGRAM
The Indiana program has proposed several areas of research and
study as part of their second year program.
These items include:
0

Study of nearshore currents

0

Wave climatology

0

Shore zone processes including
and (b) littoral drift

0

Impact of man-made structures on shoreline stability

0

Extent and nature of offshore mineral deposits

(a) shoreline recession/accretion

Information relating to any of these areas would prove useful to
the Indiana CZM program.

WISCONSIN CZM PROGRAM
Included in the state coastal zone program are:
0

Mapping of nearshore currents

0

Mapping of fish spawning areas

0

Sand budget studies

0

Beach gradient measurements

Wisconsin is particularly interested in detailed information in
several areas including nearshore currents and sediment transport.

MINNESOTA CZM PROGRAM
At present the Minnesota program is particularly interested in
information in their island resources including habitat for endangered
species and factors relating to the transport of hazardous and toxic
materials on Lake Superior.

In summary, the Great Lakes states' coastal zone management programs
have compiled considerable information and have initiated some new
research on offshore resources of the Great Lakes.
All of the States
have expressed interest in certain aspects of the proposed mapping
effort to provide detailed information for the development of state
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and local management strategies (i.e. to use the offshore resources

wisely and to identify sites or areas requiring state/local preservation,
conservation, or rehabilitation efforts).
The states stressed the need
for detailed scale for their work, at least l:24,000.
They also stressed

the need for development of good base maps of the Great Lakes for planning

and management purposes, realizing that presently there is no good
series of base maps at a detailed enough scale for such purposes.
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BIOLOGICAL MAPPING - ALLOCATION
K. H. Loftus
Division of Fish and Wildlife
Ontario Ministry of Natural Resources
Toronto, Ontario

I approach the task of making a presentation to this assembly, with these
terms of reference, with great concern and the uncomfortable feeling that I am
damned if I do, and I am damned if I don't.
Although I represent an agency
involved with fisheries management, I believe the comments touch a much broader

segment of society than that small portion directly involved with fisheries.

Fresh in my memory is a proposal submitted a few years ago to the Ministry

I represent, by an agency dedicated to further "development" naturally the
equivalent of "progress". The proposal for development on one of the Great
Lakes was presented in a context, purporting a notable environmental awareness,
of providing my agency to select the least damaging of three or four alterna

tive sites.

The site selection was to be facilitated by the use of a lovely

and logical grid or matrix of environmental impact considerations.

Obviously

the thing to do was to spend funds and time and staff in the very careful
completion of the matrix, after appropriate field surveys, and to feel pleased
that progress was being made.

However, when you start to play that game, you have already lost. You
have lost because you have been conned into careful consideration of the wrong
question.

The question

mighthave been:

Is this development necessary? How

can we engineer this development for minimal environmental impact?
can we engineer it for minimal long term vs.

How

short term cost to the taxpayer?

As was the case in this proposal: Where should we do it using this design?
In our opinion the design reflected concern for short term capital cost, not

long term environmental concern.
Of course when we were relectant to play the
game of selecting the least damaging site, we were seen as being against progress.
The controversy continues
perhaps that constitutes progress.

I have the uncomfortable feeling that this conference in dealing with
Biological Mapping:
Allocation, may be in the trap of addressing the wrong
question.

Perhaps I am wrong.

Mapping biological resources at any time can be a useful exercise since

it implies 'stock taking' as a basis presumably for management of those
resources.
I am not sure that we know the parameters critical to society for

such mapping but that's beside the point.
The suggestion, that having 'mapped' the resources, we should, or have

any right to discuss the allocation of those rescurces - some to biological
production and some to destruction
assumes a level of understanding of the
ecosystem which has yet to be attained.

It also assumes the right to reduce

the future options available to this, let alone following generations.
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If 'mapping' in the context of this group means developing a catalogue
of what is now in the Great Lakes as a basis for 'allocation'; count me out.

I think that is a loser's game because it addresses the wrong question.

If

it means using the catalogue as a basis for comparison to what was in place
some decades ago, thus demonstrating what has already been lost, then count
me in.

Discussion of the allocation of a lake's biological productive capacity

might be useful if:

(1)

the lake in question is a viable productive system in the original
natural sense,

(2)

and

if we understand the capacity of the lake to accommodate combined
stresses while remaining productive for fish and other human needs
over the long term.

The current state of our understanding requires that our mapping provide

trend thru time data (i.e. monitoring) as a basis for learning as we go.

Perhaps when we retrieve three or four decades of lost water quality, with

adequate monitoring and modelling during the process, we will be able to
consider allocation.
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ENVIRONMENTAL MAPPING

WILDLIFE

J. E. Bryant
Canadian Wildlife Service
Environment Canada
Ottawa, Ontario

INTRODUCTION
The term "wildlife" means different things to different people. In general
it is probably most useful to consider it to include all non domestic vertebrate

In Canada, wildlife, with the exception of migratory birds,
animals except fish.
Migratory birds became
is the responsibility of the Provincial Governments.

the responsibility of the Federal Government upon the signing of an International

The Migratory
Convention on migratory birds with the United States in 1916.
Birds Convention Act was passed by the Federal parliament the following year and
To a large
provided the legislative authority for management of the rescurce.
extent my comments today will be concerned with the migratory birds resource

rather than with the rest of the fauna which makes up "wildlife". A representa
tive of the Ontario Wildlife Branch will be speaking to the workshop tomorrow.

Wildlife cannot be studied or managed in isolation from the environment in
Wildlife managers need to know what kinds of habitats
which the animals live.
are available, their ecological parameters, their abundance and distributions,

the abundance and distribution of the wildlife inhabiting them, and how ang_why
all of those factors are changing with time.

In the
Perhaps a couple of examples will illustrate some of our interests.
which
wetlands
the
of
1/4
area from Niagara to Oshawa, there now remain only about
By contrast, in Lake Erie and Lake
occurred there at the time of settlement.
The difference is no doubt in part
St. Clair, a very large percentage remains.
due to the greater distance from the Golden Triangle and at least in this century,

to the fact that persons interested in the wildlife inhabiting those wetlands

were prepared to spend quite considerable sums of money to retain them (Bryant,
Reproductive success of herring gulls in Lake Ontario has been shown to
1965).

be only 1/15th that of the "best" Great Lakes colony (Fox gt al., 1975).

The

of
reason appears to be that toxic contaminants not only reduced the viability
eggs but also the ability of the parents to raise young which do hatch.
of the disWildlife managers, then, require detailed knowledge not only
but also information
tribution and of the use by wildlife of various habitats,

tations.
on natural and man caused stresses and their likely future manifes
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KINDS OF INFORMATION
Environmental mapping can bring together a spectrum of biophysical data,
with data on such things as demography, economics, urbanization and trans
portation, thereby providing a framework for greater understanding of possible

environmental trade-offs and their consequences. Wildlife managers would
find particularly valuable the facilitation of a system to rank both the

importance of particular habitats to wildlife and the potential for their
Without attempt
being destroyed or seriously diminished by man's activities.
ing to provide an exhaustive list of the kinds of information which wildlife
managers would find useful to have mapped, the following items give some
indication of our interest:

1.

Ecological types of the coastal zone and islands (e.g., wetlands, cliffs,
natural woodland, farmland, etc.) showing a real extent and rating for
value to wildlife.

2.

The same kind of information in an historical framework showing changes
Comparing past to present would assist in determining
since settlement.
the manner in which various land types, particularly wetlands, have been

converted to other uses.

Better knowledge of the dynamics of what has

of
been happening to wetland areas in the Great Lakes Basin should prove

value to many interests in addition to those of wildlife managers. Wet
lands as well as being home for many varieties of wildlife, are rich in

terms of nutrient cycling (Lee g£_gl,, 1971, Mann, 1973) and have

considerable capacities to absorb and recycle many of the chemical

1974).
pollutants which man adds to ecosytem (Hartland-Rowe and Wright,

3.

Fluctuations in abundance of wildlife in space and time.

Seasonal

important
variations, particularly when speaking of water birds are very

The present
from the standpoint of such things as oil pollution clean-up.
Wildlife
an
Atlas of Sensitive Areas for Migratory Birds in Ontario (Canadi
mind.
in
Service, 1976) has been prepared with that particular aspect
nce to
Dennis and Chandler (1974) have demonstrated the relative importa
spring and
waterfowl of the Canadian shore of the lower Great Lakes in
In the Atlantic area
fall, but more detailed information is still needed.
more sophisticated
the Canadian Wildlife Service has developed a somewhat

ds at various
system for identifying the presence and abundance of seabir

al., 1975).
times of the year up to three hundred miles from shore (Brown 23

4.

ishments and
Known sources of pollution including both shore based establ

5.

and ice cover.
Seasonal variations in lake currents, temperature

6.

fish (particularly
Seasonal abundance in distribution of invertebrates and

7.

, and probable
Present use of the coastal zone and of the offshore waters
trends.

transportation routes (see for example Simpson, 1973).

.
small fish which serve as a food source for birds)
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USING THE INFORMATION
One of the principal criteria for a multi-disciplinary program to map
environmental data should be that the data bank is computer compatible.
As

Boyd (1974) has pointed out there are many
from different specialty fields.

problems of integrating data banks

There are also difficulties in flagging with

indices of reliability, the data that go into such banks.

Those difficulties

however, must be overcome if the data are to be useful to users from many
different disciplines.
For many purposes the parameters to be mapped are

far too complex and too dynamic to be comprehended in old style overlays.
It
is only through the means of a well designed and comprehensive data bank and

high speed computer analysis that one could reasonably hope to have such diverse
data produced in an intelligible format.
The Canada Geo Information System,
developed originally for use in the Canada Land Inventory, is one example of
such a computer based system (Tomlinson, 1967, Switzer, 1976).
There are
several others (Tomlinson et a1. 1976).
From an integrated data file, analysis
of various types can be undertaken.
Two recent ventures of Environment Canada

in this field are the "matrix powering technique" (Ross, 1974) which was used in

assessing relative environmental impacts of five potential sites for a new

trans-shipment facility in the Nanaimo Harbour and the "grid square technique"
(e.g., Pentland, and Cutherbert, 1971, Anon,

1975, Solomon and Associates

Limited, 1976) used to analyse hydrological data in specific watersheds.
Imaginative cartography such as that found in Simpsons'

the Gulf of St. Lawrence,

(1973) atlas of

can be extremely useful in strategic planning and in

conveying to the public in general very large amounts of diverse data which
would be exceedingly difficult to comprehend in any other fashion. Doxiadis
(1966) demonstrated the use of such information in his study of the future of
the urban Detroit area.
McHarg (1969) describes his successful use of
overlay maps reflecting social, resource and aesthetic values in determining

the routing of a throughway.

Spinner (1969) produced a very colourful and

useful serial atlas for large scale planning along the U.S. Atlantic coastal
zone, particularly with respect to wetlands and shellfish areas.
Freeman,

Bruce and Walford( 1974) produced an atlas of the fish, fishing grounds and
fishing facilities of the United States' Atlantic coast.

And of course,

much closer to home, is the very recent atlas of the Great Lakes Shoreline
produced jointly by Canada and Ontario (Haras and Tsui, 1976). The.0ntario
Ministry of Natural Resources has also produced an as yet unpublished series

of reports on sensitive areas which although not yet in atlas form are a mine
of information. One would hope that in the development of atlases respecting
the Great Lakes Basin, those Sensitive Areas Reports would be extensively used.
One of the likely uses of mapped environmental data in the Great Lakes is
to select those areas which will be least damaged by the imposition of certain
types of seemingly inevitable environmental indignities.
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That is a valid use.

I think it is necessary however, to seek means of maintaining an acceptable
life style without imposing further avoidable strains on the environment.
While there have been remarkable strides as a result of the Canada/U.S.

Agreement to clean up pollution in the Great Lakes, they are in many ways
comparable to the pollution abatement equipment on your car -

a step in the

right direction.
The environmental maps which this workshop is considering
will help government and industry to make better use of what is left of the
"natural" environment.
They will helpto indicate where new environmental

perturbations might be imposed with the least damaging consequences, but I
hope they will also lead to a better public understanding of the need to stop
them from occurring at all, or to use the terminology of a previous Minister

of the Environment, to "keep pollution within the factory fence".

DISPLAYING THE INFORMATION
At least four manners of displaying the information need to be considered.

The first is a simple display of individual parameters, e.g. coastal wetlands
and islands, indicating ecological value classes.
Such maps, even if based
on crude data at first, can be extremely useful in identifying potential
problems and in framing priorities. Within a rather small "public" it is

known for example that maintenance of undisturbed habitat on the Slate Islands

in Lake Superior is critical to the survival of an unusual population of
woodland caribou (Euler, Snider and Timmermann, 1976).
It is also known that
maintenance of the Lake St. Clair and Long Point marshes is essential to the
continuation of waterfowl populations in southwestern Ontario

(Dennis and

Chandler, 1974).
Clear public identification of such facts through published
atlases would aid in ensuring that avoidable disturbance does not occur. The
Arctic Ecological Map Series (Canadian Wildlife Service, 1972) has been
extensively used by both governmentand industry for that purpose.
A second
level of display is a simple overlay, e.g., bird populations at different
seasons overlayed on one or more other maps showing such things as coastal
habitat, present land use and ice conditions.

is the "complexed"

A third level of sophistication

map which is useful for planning purposes in that it is in

effect a summary of a series of overlays.
Such a complex could show for
example the areas of greatest importance to birds, to boating recreation, to
heavy industry and to shore damage.
Such maps can be put together for a
variety of purposes and as long as one recognizes their shortcomings, can be
very useful in sorting out potential environmental conflicts (e.g. Anon,

1976).

A fourth level of sophistication is the computer-generated map which

would be able to predict for example, that an oil spill of certain dimensions

at point A under given conditions of current, wind, temperature, etc., would

spread in a particular fashion so as to impact on other biological or physical

aspects of the environment in a given fashion.
The information would provide
the on site commander of the clean up operation with a good grasp of priorities.
The computer however, would also be used in all kinds of day-to day problem
solving or program planning because it is possible in using a computer to
select from a very large data bank those specific criteria including such
things as economic and demographic statistics which are of concern in any
particular study. Doing the same thing with data which are simply mapped is
often not possible because of the complexity of the factors involved.
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ENVIRONMENTAL MAPPING OF THE GREAT LAKES
FOR MUNICIPAL INTAKES AND DISCHARGES
S. Salbach
Water Resources Branch
Ontario Ministry of the Environment
Toronto, Ontario

INTRODUCTION
I have been asked to discuss environmental mapping in relation to

municipal intakes and discharges. What parameters or uses displayed on maps
would be of value in making siting and operational decisions?
Waste inputs and their spatial and temporal impact are of prime interest
for the protection of the environment and in that context environmental map

ping is not as applicable to municipal projects as say, industrial development

in the steel industry or hydro generating stations.

Locations of municipali

ties along the Great Lakes shorelines are not significantly influenced or
constrained by environmental issues such as water quality, or fisheries.

The size of an outfall (capacity) plays an important factor in estab-

lishing information needs.

Experience has shown that generally, outfalls

With capacities up to 5 mgd have little effect on water quality of the Great
Lakes unless the outfall discharges to small embayments or areas with little

water movement.

The principal reason is the efficient dispersion and dilution

commonly provided by these huge bodies of water.

Inherent with this statement

of course, is the assumption that basic pollution controls include secondary
treatment and phosphorus removal at a minimum.

Assuming that the large intakes and discharges are of prime interest for

environmental mapping, records show that only a few outfalls are created each

Statistics indicate, in fact, that only one or two of the 35 to 40 new
year.
intakes and outfalls constructed in Ontario each year have a capacity exceed

ing 5 mgd.

Considering Ontario's shoreline is over 3,000 miles long, these

new structures are few and far between.

INFORMATION NEEDS
The information needs for the design of large intakes or outfalls centre
around the basic concept that the discharge should not adversely affect water
use or intake water quality should not be affected by another water use such
as a waste discharge.
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The information required for this design of municipal intakes and

discharges are similar in many respects. Knowledge of the local physical
characteristics is equally essential for both uses. Knowledge of the vari
ability of temporal water quality is required for drinking water supplies.
Treatment design may be equally essential for outfalls since the waste
discharge may affect water quality at a nearby water intake.
The potential
detrimental effects on adjacent water uses other than water intakes are of
course, peculiar to waste discharges.

view, waste

From an environmental mapping point of

dischargesare of greater importance than water intakes.

What are the basic information needs and procedures therefore?

First of

all, existing and potential water uses in the area under consideration require
definition.
This may require surveys of some form or another.
However,
sufficient detail is available in those areas near major metropolitan areas.
Having established local water use information, the water quality criteria
for the protection of these uses (including agricultural, fish, other aquatic
life and wildlife, industrial water supply, public water supply, recreation
and aesthetics) are selected from the Ministry of the Environment Guidelines
and Criteria for Water Quality Management in Ontario.
Objectives outlined in
the 1972 Great Lakes Water Quality Agreement are another requirement for
water quality.
Together, these two documents form the basis for defining the
local quality which has to be met and the treatment requirements for waste

discharges including outfall and intake design and location.

What information is needed to ensure that these water quality require
ments are in fact met? The key aspect in locating intakes or outfalls is, of
course, to establish as accurately as possible a cause and effect relationship.
If the cause is a known pollution source, the effect is a water quality
change affecting water use. The Upper Great Lakes Reference Group of the
International Joint Commission established quite conclusively that very
little was known of the nearshore processes, such as material decay rates,

nearshore-offshore exchange rates. However, it is absolutely essential that
such information is developed, particularly for the design of major intakes
or outfalls.

The establishment of cause and effect relationships requires the collection of general water quality information and local physical parameters such
as the currents and geology of the lake bottom.
This information can be
obtained largely from existing programs including the nearshore water quality

surveillance program conducted for the International Joint Commission by the

Province of Ontario, records maintained at water works, intakes and other
studies by government agencies, universities, private groups.
While these

sources of information may not always be site specific, they are generally
adequate or require little augmentation through field studies. This particularly applies to smaller outfalls (up to 5 mgd) where the danger of water
quality degradation is remote. Treatment outfalls can be designated such
that they have a minimal effect on water use.

Data collected through 1969 to 1974 by the Ministry of the Environment
and other agencies on lake coastal dispersion is an information source which

30

The summary was
has aided the Ministry in the design of small outfalls.
In
June 1975.
in
MOE
of
Kohli
S.
B.
Mr.
prepared by Dr. M. D. Palmer and
their publication,

two primary points are made:

(a)

a multi port diffuser can be designed to achieve local or in the

(b)

the subsequent dilution as the plume is transported along the flow

immediate vicinity of the outfall, dilutions of 1/5 to 1/40;

direction is variable reflecting local conditions.

The report summarizes in graphic form the approximate dilutions one can
Caution is expressed to
expect in the nearshore waters of the Great Lakes.

the user of this technique, however, it is useful for preliminary design
purposes including the location of a particular intake or outfall.

This brings me to an important point alluded to earlier, i.e., the size

of the outfall is important in defining the information needs, or put differ
ently, the ability of the project to obtain the required information economi

cally.

Large outfalls require a more careful consideration in assessing

Regardless of the information
their effects on the environment or water use.
already available on water quality, water use, or current movements, major
projects which involve large water intakes or outfalls retain consultants and

government expertise to perform extensive site specific field studies.

Environmental assessment reports are written and the intakes and/or outfalls
Present government policy makes it the responsi
are designed accordingly.

bility of design proponents to demonstrate that the project is environmentally
sound.

DISCUSSION
The information presented thus far has dealt with the question of a need

In other words, the informa
for environmental mapping in a reactive sense.
tion required was identified in response to a proposed new municipal intake
A particular water use is established and an assessment is made
or outfall.

as to how this use affects the sensitive areas in the immediate vicinity.
The major advantage of this approach is the efficient utilization of manpower
and resources.

The opposite approach would be to identify environmentally sensitive

With
areas along the Great Lakes shore as a general inventory of resources.
areas
to
directed
and
assisted
be
could
planning
use
land
this information,

which are not environmentally sensitive.

The obvious emphasis of this

approach is planning, although it does avoid the question of the need for

such information. The main advantage would be that it provides a more com
plete understanding of the full aerial extent of a particular environment
This information would greatly
such as spawning beds or wildlife habitat.

assist in determining the relative significance of eliminating or reducing a

particular water use.
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Assuming for a moment that spawning beds are an environmental considera

tion, the obvious questions that should be asked are:

how quickly could the

aerial extent of the spawning beds be defined; how much it would cost to
perform this task; how often would it have to be updated; do all the Great
Lakes have to be mapped?

Unquestionably, it would be nice to have inventories of environmentally
important information, including information on spawning beds, fisheries and
their relative value.
Without answers to these and other questions, it is
difficult to make judgement on the need or value of environmental mapping.
A third and perhaps most important approach rests in the area of administrative and legal procedures.
Arbitrary assignment of mixing zones without

recognizing the potential effect to environmentally sensitive areas should
not be permitted in my View.

Areas where water quality is permitted to be

degraded should be limited in extent to ensure that existing or potential
water use is not affected, and located so that environmentally sensitive and
important values are not destroyed.
If this principle is accepted adminis
tratively and legally, adequate protection of environmental values
shouldbe
assured.

CONCLUSIONS
1.

Environmental value mapping for planning purposes is not applicable to
municipal projects as they would be to industrial development. Municipal
development along the Great Lakes shoreline is not significantly in
fluenced or constrained by environmental issues such as water quality,
fishery interests and others.

2.

Small outfalls (up to 5 mgd) can be designed based on existing informa
tion and usually require very little field study.
Generally, because
they have little impact on water quality (assuming secondary treatment
and P-removal).

3.

Water intakes and major outfalls require rigorOus environmental assess
ment. The proponents of such works will undertake these studies of local
water use interactions and fill, as much as possible, all gaps of
knowledge required to define these interactions. These large projects
are economically equipped to perform such studies.

4.

The small number of new major intakes and outfalls and the fact that the
environmental components potentially affected by such projects undergo
rigorous assessment would seem to negate the need for environmental
mapping along the entire Great Lakes shoreline.

5.

Administrative procedures and legal requirements leading to comprehensive assessment of the impact on environmental values should be around
the Great Lakes.

6.

In general, the necessity required for environmental value mapping will
have to be evaluated very carefully.
Unquestionably, it would be useful
to have such maps.
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INDUSTRIAL AND POWER PLANT SITING NEEDS
OF ENVIRONMENTAL MAPS
W. R. Effer
Ontario Hydro
Toronto, Ontario

INTRODUCTION
Due to the increasingly complex nature of industrial plant siting and

approval procedures this paper stresses some of the problems which may make
to
environmental mapping of the Great Lakes shoreline of somewhat less value
be
can
problems
these
assuming
However,
industry than to other groups.
ted,
recognized and the mapping program appropriately designed and coordina
d.
presente
the type of data that would be of benefit is

INFORMATION REQUIRED AND USED BY INDUSTRY
INDUSTRY'S NEED FOR INFORMATION

Does industry need environmental mapping, and if so, why?

To answer the

and
second question first, industry needs to obtain regulatory agency, public

other governmental approval to acquire a site and then to use environmental
data in the conceptual design of the project. This approval from the Provin
cial Government is based on environmental, economic, engineering, public and

other social factors.

Environmental mapping of the Great Lakes shoreline

will supply one portion of the overall environmental assessment when needed
In Ontario, the Environmental Assessment Act
for regulatory agency approval.
1975 requires environmental assessments to be prepared for designated projects

Under the Act, for example,
of the Provincial Government and its agencies.
the Ontario Ministry of the Environment has supplied guidelines to Ontario
(l).
Hydro for the selection of a site in the North Channel of Lake Huron
son
compari
a
requires
es
The last of the three steps in these proposed guidelin

Some of the environmental factors to be considered
of potential sites.
data
include the use of hydrological, water quality and aquatic biological
need
will
(2). An answer to the first question, therefore, is that industry
the
ng
environmental mapping at a level which will be adequate for satisfyi
regulatory agency and the public that an adequate site comparison can be
Industry may feel that additional data can most conveniently be
made.
acquired at this stage for the conceptual design of the project. Obviously
if any environmental mapping data are not adequate to satisfy these two
needs, industry will have to derive its own information and therefore the
same time allotted in the project schedule will be required for this purpose.
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An environmental mapping program therefore, must be developed with the
requirements of the industry, regulatory agencies and the public in mind.
Under the Environmental Assessment Act the public is to be involved in the

site selection process and therefore must be able to use the data and make

comments on whether the site selection process is proceeding in an acceptable

manner.

INTAKE OF PROCESS AND COOLING WATER
From a strictly operational point of View, an industry using Great Lakes

water for processing or for cooling requires a reliable, ample supply which

is not subject to wide variations in the water quality parameters of concern

to the specific industry.

The water intake should be located where intake of

excessive numbers of fish and debris is low, so that screening problems do
not occur.
It should be located where intake of ice is no problem and where

local currents do not cause interference with neighboring or its own operations.
Environmental aspects of intakes which industry may have to consider for

satisfying the regulatory agencies include entrainment and impingement
effects, nutrient recycling,

interference with local currents, and with

development and maintenance of the natural thermocline.
DISCHARGE OF WATER

The only strictly operational concern which industry has with respect to

water discharge is that it should not interfere with its own intake of water.

This concern translates into a need to locate the discharge so that dispersion

or assimilation is adequate to avoid

buildup of effluents in the receiving

body.
Environmentally, discharges must meet water quality guidelines and
criteria for the various uses to which the water is being put in the area.

those industries which are subject to the provisions of the Environmental
Assessment Act, the effects of the discharge on local water chemistry and

In

biology at each of the potential sites have to be assessed and compared
during site selection (2).
For example, in the siting of a power plant,

Ontario Hydro compares existing water quality, wind and current directions,
temperature changes and depths, fish populations and spawning activity,
benthos and plankton distribution, recreational uses of the water, and

location of local intakes and discharges.
The level of detail at the site
selection stage has to be such that differences between sites can be assessed
and rated.
This comparison forms part of the Site Selection Environmental
Assessment under the Environmental Assessment Act.
At the project approval stage, more detailed information on these

aspects is acquired by Ontario Hydro following at least a year's on site
studies.
Usually two or three years of hydrological data are assembled to
provide information for design and location of the discharge and to develop
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mean seasonal temperatures to comply with the Ministry of the Environment's
All hydrological, water
guidelines on thermal discharges to the Great Lakes.
chemistry and biological data have to be at a level of detail which will allow
Ontario Hydro to predict the influences which may occur due to the thermal
and other discharges and to such activities as shoreline modification and
construction of intakes and discharge structures.
After project approval,
Approval on detailed
of
Certificates
various
industry may have to obtain

aspects of its operation involving discharges to the water body.

One specific biological concern is the prediction of possible effects

of the thermal discharge on littoral zone productivity.

Potential benefi-

cial effects of the thermal discharge, such as providing temperature
protection to important species existing in a marginal area, should be
considered.

SHORELINE MODIFICATIONS
Offshore structures,

modification to the existing shoreline, and

plans for dredging and dumping require approval of the Federal Ministry

Applications are
of Transport under the Navigable Waters Protection Act.
referred back to the Provincial Departments of the Environment and Natural
Depending
Resources for their comments on any anticipated adverse effects.

on this assessment, a licence will be issued. To satisfy the provisions
of this Act the industry may need to acquire data on subaqueous topography,

depth of overburden, sedimentation rates and location of present and future
water intakes in the area.

CONTENTS OF MAPS
Table 1 summarizes water data which Ontario Hydro presently acquires
There may be parameters
for design, construction and environmental purposes.
needed by other industries which are not included.

CAPABILITY OF ENVIRONMENTAL MAPPING SYSTEMS T0 SATISFY THE NEEDS
OF INDUSTRY
'
The activities of industry, particularly those involving large installa-

tions such as thermal generating stations or steel mills, impinge on several

environments other than the aquatic, and often come under the jurisdiction of
Other environmental factors that have to be
more than one regulatory agency.
considered include air quality and land values for the generating station
site and for the associated transmission right-of way, social and community
Industry has to consider many
impacts and regional planning considerations.
factors other than the natural and social environments in the project siting
and development phases, such as economic and engineering feasibility, safety,
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TABLE 1
DATA REQUIRED FOR MAPS

Data Required

Geology

Subaqueous contours at approximately

Reason

Location and design

2 m intervals up to a distance offshore of intake structure.
Where depths reach approximately 15 m.
Comparison of construction costs.
Nature of bottom sediments, sedimen
tation rates and depth overburden.

For decision on
whether tunnel or

'cut and cover'.

Estimate of relative
environmental impacts
due to siltation.
Comparison of construction costs.

Hydrology

Speed, direction and frequency of

nearshore currents by season at

surface and at depth, and compli
mentary wind information.
Mean

values for at least 3 years.
Nearshore temperature profiles by
continuous monitoring at various
depths.
Mean values for at least

5 years. Extent and timing of
thermal bar development.

Water Chemistry

Prediction of disper
sion of effluents to
avoid recirculation

and to satisfy

envir

onmental requirements
for definition of
affected areas.
Relative locations of
intake and outfall.

Development patterns of ice, depth,
extent, time of appearance and
disappearance.

Location and design
of intake structure.

Dissolved solids and ash, suspended

Boiler water feed

solids and ash, BOD, TOC, COD, pH,
Secchi disc, specific conductivity,
D.O., hardness, alkalinity, colour,
turbidity.

treatment.

Nutrients,
total phosphate, ortho
phosphate, nitrate nitrogen, ammonia

Environmental assess
ment of effects of

nitrogen, Kjeldahl nitrogen, manganese, discharges on quality
iron and silica.
of water, algal bloom
productivity, fish
toxicity.
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TABLE 1 (CONT D)

Trace Metals
Cd, As, Cr.

Biology
Fish

Cu, Pb,

Se, Zn, Hg,

Species, populations, and seasonal
offshore distribution.

Environmental assessment of possible
effects of thermal

and other discharges.

Location and extent of present and
historical spawning beds.
Location of major migratory routes.
Sports fishery
creel census.

Species, value,

Species, weight,

Commercial fishery
value.

Larval fish and fish egg concentra
tions.

Benthos

Densities, spatial and seasonal

distribution to genus level to

depth of approx.

20 m.

Extent of population drift along
shoreline.

Plankton

Possible entrainment
and impingement.

Possible effects of
thermal and other
discharges.

Seasonal densities and species of
phytoplankton where algal blooms

occur or may occur due to expected

discharges or by such factors as
nutrient recycling.

Aquatic
Macrophytes

Littoral
Zone

Seasonal densities and distribution.
Pattern of deposition on shoreline.

Delineation of area offshore which
may be biologically influenced by
discharge.
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Operational intake
problems.

reliability, system planning, and proximity to fuel supplies.
Therefore, the
relative weight of aquatic concerns in the overall decision making process
may be quite small.
Even large measured differences in the biological

characteristics of potential sites may not be certain to influence one site

against the other in a site comparison.
For example, in the site selection
process for an energy centre on the North Channel of Lake Huron the Site
Selection Environmental Assessment considers 18 main factors of which 8 are
concerned with water.
An adequate mapping system must recognize the long lead time in development of a large industrial project.
For example, a nuclear generating station
takes 13 years from establishment of the need for the generation to the time

the station is operational.

Therefore, data must be kept up-to-date.

To meet the needs of the Environmental Assessment Act in Ontario and the
safety requirements for nuclear stations of the Federal Atomic Energy Control
Board, the data must be of such quality and detail to describe the construc
tional and operational aspects of the project.

Some design features of a project may require the use of long term
or historical data, e.g. water temperatures,

currents, location of spawning

grounds. Where the design features of a station may have environmental
implications, these long term data have to be provided in the Environmental
Assessment for regulatory agency approval of a specific project on an

acquired site.

Environmental data mapping should be such that industry could schedule
its activities in the sure knowledge that the data would be acceptable to
the regulatory agency or agencies and the public.
If only a small piece
of information were missing, there could be a severe time penalty to
industry in having to acquire the information.
Industry often uses a number of external and internal groups for its

environmental data assembly. The proposed environmental mapping would have
to include a method of coordinating and interpretation of different data
sources.
Some industrial concerns have large staffs for acquiring and presenting

the information it needs for design and for satisfying the various environmental and public concerns.
The proposed system would either have to
guarantee industry that these data acquisition facilities are no longer
required or that they can contribute to the proposed environmental mapping

program.
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CONCLUSIONS
An environmental mapping program would have to recognize the specific
needs of many types of industry.
Environmental and non-environmental

aspects of siting and project development have to be considered.
It seems
unlikely that the scope of such a monitoring program could help to reduce

the time spent by industry in seeking approval of sites and for approval
of a particular project on an acquired site.
There may be a benefit to
industry if lake environmental data mapping reduces the cost of its OWn
data acquisition programs.
Interpretation of basic data should be part of the program so that
effects of industrial emmissions on a particular area of the water body
can be readily assessed.
The long term nature of some of the required data w0uld mean that

industry would have to have some assurance that the program was an ongoing
one.

The method of data acquisition and presentation w0uld have to be

agreed to at the beginning and not changed materially from year to year.
The regulatory agencies would have to be satisfied that the data was
adequate if industry was planning to depend on such a program for presentation of lake environmental data as a basis for approval.
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DREDGE AND FILL, NAVIGATION
C. C. Cable
U.S. Corps of Engineers
Chicago,

Illinois

transportation system ever
Navigation has used the Great Lakes as a
This early use of the
water.
since the first Indian canoe was placed in the
al state, since it was possible
lakes did not require any changes in the natur

As large vessels were
to easily portage the small vessels being used then.
porting the bulk commodi
placed into service to provide the capacity for trans
ruction
sary to undertake the const
ties of the expanding region, it became neces
of canals between the lakes.

waterborne transportation
Large vessels and increased demand for cheap
enlargement and improvement of
of products and commodities led to the gradual
network available today.
the Great Lakes navigation facilities to the vast
nance to provide the
mainte
ual
contin
e
This navigation network does requir

Shoal material
maximum capacity dictated by today's demand on the system.
to about 10
amOunts
es
entranc
harbor
and
s
deposited in the navigation channel
Dredges, operated by both the government and
million cubic meters each year.
e the deposited
contractors, work during the ice-free seasons to excavat
channels.
tion
naviga
of
material and redeposit in locations outside

Lakes
Some idea of the magnitude of the navigation usage of the Great
are
area
the
in
ports
180
can be gained by these statistics. Thirty of the
the
ng
includi
s,
channel
maintained at Seaway depth of 8.2 meters. Improved
Welland Canal and the St.

Lawrence Seaway, total over 250 kilometers.

with iron
Commerce moved on the system amounted to 215 million tons,
These
ore, coal, limestone, and grain accounting for 90% of this total.

Navigation on the
major commodities involve a fleet of about 275 vessels.
us in the region
Great Lakes is a major activity and has an impact on all of
The dredging
both in the cost of our products and employment opportunities.

on us all;
required to maximize this navigational usage has another impact

to-day work.
one which until recent years was largely overlooked in our day

d to the
Much of the 10 million cubic meters dredged each year is returne
and
ignated
beendes
have
n
locatio
l
Disposa
.
location
g
lakes near the dredgin

Such locations have generally been located as
marked on navigation maps.
providing
close to the dredged channel as possible with consideration given to

deep enough water for maneuvering the dredging equipment.

While current

s,
patterns have been considered in placement of these disposal location

primary use of such information was to reduce to a minimum the return of

the

With the increased emphasis
deposited material to the navigation channels.
water disposal for dredged
open
of
use
on water quality in the Great Lakes,
Material which has been determined as
material has been greatly curtailed.

Al

being unpolluted by the U.S. Environmental Protection Agency has continued to

Polluted material has been placed in confined
be deposited in the open water.
diSposal areas or not dredged at all if a confined disposal area was not
Since construction and use of these confined disposal areas are
available.
extremely expensive,

it is imperative that only those materials which cannot

be returned to the open water be placed in the confined areas.

What are the needs for Environmental Maps of the Great Lakes insofar as

dredging and fill operations?

First, such maps must identify the chemical

and physical make up of the bottom sediments.

Such identification must

include both the sediments in the dredged channels as well as the surrounding
lake area. Recent studies indicate that it is important to place dredge

materials on similar material found on the lake bottoms - i.e.

sandy material

on a sand bottom and fine grain material on a silty, clay bottom. This
provides opportunity for bottom dwelling organism to recolonize the impacted

Provision of chemical perimeter
area in a relatively short period of time.
disposal sites which could
select
to
operators
and
maps would enable planners

cover pollution "hot spots" with unpolluted materials and blanket the area
and preclude further impact on water quality. Environmental maps identifying
dissolved oxygen values would be of great value in selecting disposal sites
and avoiding areas of low dissolved oxygen.

Environmental maps identifying fishery habitats will enable placement of
In fact, improvedredged materials to minimize the impact on this resource.
ment of fishery habitat can be possible with certain types of dredged material
placement. Nutrient available in the deposited material can provide food for
fishery and increase productivity.
These are some of the environmental characteristics that need to be
identified for managers engaged in dredging and fill activities in the Great
Lakes. Disposal options can then be weighed and environmental values protected
to the maximum degree possible.
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ENVIRONMENTAL SENSITIVITY AREA INVENTORY
FOR THE GREAT LAKES BASIN
J. M.

Huehn

Environmental Protection Service
Toronto, Ontario

BACKGROUND
al Agreement
In June 1971, Canada and the United States signed an offici

ts in the Great Lakes
to provide a coordinated response to major spill inciden
gency Plan is
This Joint Canada/United States Marine Pollution Contin
Basin.

unique in several ways.

First, it seeks to protect one of the greatest fresh

water resources in the world; second,

the organizational relationships are

through hard
probably the most complex of all contingency plans and third,

r to create a
work and determination, both countries have joined togethe
dynamic atmOSphere.

Joint Response
The organizational structure identified an International
the United
and
Canada
in
ders
comman
Team (JRT) and pre designed on scene
Canadian Coast
and
U.S.
the
from
nel
The JRT is made up of key person
States.
nment Canada,
Guard, the Environmental Protection Agency, Enviro

Ontario

Their primary
Agencies.
Ministry of the Environment and State Environmental
scene
on
deputy
and
der
responsibility is to assist the on scene comman
problems
l
nmenta
enviro
ial
commander by providing information on the potent
p procedures during a
and recommending priorities for protection and cleanu

major spill incident.
past four years.

This team has met officially five times during the

to improve alerting/
The JRT has been active in initiating projects
The Operation Preparedness Detroit St.
notification and response procedures.
se to the Sidney Smith/Parker
Clair River project was initiated in direct respon

and the United States
Evans Collision where the JRT recommended that Canada
ry procedures in fast
implement a programme to improve containment and recove
flowing water.

edness
During the preliminary phase of the Operation Prepar

a "high-risk" area.
Programme, the St. Clair River was identified as

This

respect to manufacturing or
means that there is a potential for a spill with
transportation routes, which
storage of hazardous materials or congestion of
uses and fish and wildlife
will have a serious affect on downstream water

areas such as the wetlands of the St. Clair Flats.
of the programme were to:

(1)
(2)
(3)
(4)

Therefore, the objectives

identify recovery sites;
under current
develop operational procedures to control an oil slick
conditions;
tive areas;
develop an inventory of environmentally sensi
protection.
develop a mechanism to determine priorities of

under objectives three
This paper will review the activities initiated
and four.
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INTRODUCTION
In implementing the Operation Preparedness Programme it became apparent
that the Sensitivity Area Inventory should not be limited to the Detroit-St.
Clair River Basin. During discussions with representatives from the Ontario
Ministry of Natural Resources (MNR), the Ministry of the Environment (MOE)
and the Canadian Wildlife Service it was agreed to develop an inventory for
the entire Great Lakes Basins.
The Programme was implemented in 3 phases:
(1)
(2)
(3)

Lower Great Lakes in November 1974.
Upper Great Lakes and the Ottawa River in January 1976.
St. Lawrence River in September 1976.

PURPOSE
The purpose of the programme was two-fold. The inventory w0uld assist
in identifying "high risk" areas and assist operation staff within the
regulatory agencies during spill incidents to become aware of potential
environmental problems and identify local expertise to advise on the sensitivity of a threatened area.

PRESENTATION OF MATERIAL
During the early discussions it was agreed to develop a sensitivity
rating scheme with respect to seasonal variation and high use capability for

wildlife or recreation.

The mapping system consists of a mylar overlay on 1 to 50,000 or 1 to
250,000 scale National Topographic Series maps. The difference between the
two scales used was dependent on the amount of information available for a
specific area.
The detail on the mylar is presented schematically to identify
the following parameters:
(1)

Location of stopovers,

feeding and nesting sites of

water related birds such as herons, osprey or waterfowl.

(2)

Migration routes and spawning areas of sport fish.

(3)

Areas of commercial fishing.

(4)

(5)

Habitats of water based mammals such as beaver or

muskrat.

Unique vegetation.
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a

(6)

Important recreational areas for boating, swimming
and cottage development.

(7)

Federal, Provincial, and Municipal Parks.

(8)

Conservation Authorities.

on
These parameters supplement important information already available
the topographic maps such as:

(1)
(2)
(3)
(4)

population density
transportation corridors
geographic features
drainage patterns

with the base
Specific locations of sensitive areas are denoted by flags
y:
The flag is utilized to identif
of the pole.
(1)
(2)

(3)

seasonal variation in column 1
type of sensitive area in columns 2 and 3

site number in the triangle.

the fisheries resource
For example, for this particular location,
g, column 3 identified the
sprin
in
tive
identified in column 2 is most sensi

and is particularily sensitive
recreational activity as an important activity
topographi

The site number is 3 for this particular
during the summer months.
cal map and refers to a text description.

of oil and other
Water intakes manufacturing and storage facilities
fic schematics and are assigned a
hazardous materials are identified by speci
details.
letter which refers to a text for further
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Oil Industry

[:]}iFgU

Industrial Intake

:1 Hazardous Material Industry

Pulp and Paper Industry

Municipal Intake

(:)

Private Intake

Mine Tailings

TEXT
Each map has an accompanying text description which is divided into three
sections.
These include:
(I)
(2)
(3)

Sensitive Areas
Water Users
Industrial Activities

The site number or letter, the source of information, the geographic
location and latitude and longitude and a description is provided for each
site. In addition the name of the water user and a 24 hour contact name and
telephone number is included for water intakes, and the company name, the
type and size of operation, and a list of hazardous materials in included for
industrial sites.

There are also two appendices which cover the currents and prevailing
winds for lakes Ontario and Erie. A list of hazardous materials in order of
potential danger to an aquatic environment.

INFORMATION SOLRCES
The majority of the information was obtained through written material or
interviews with representatives from MNR, MOE, Canadian Wildlife Service,
Parks Canada and the Conservation Authorities.
The following information was
obtained:
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1.

Ontario Ministry of Natural Resources

The individual district officers provided unique ecological areas,

recreational areas, commercial and sport fishing areas, waterfowl
nesting sites and stopovers and habitat for water based mammals.

The Parks Planning Branch provided information on Parks and reserves.

The St. Lawrence Parks Commission provided further details on parks and
sensitive areas.

2.

Ontario Ministry of the Environment

The regional offices supplied information on water intake and industrial
activities.
3.

Canadian Wildlife Service

CWS personnel provided data on waterfowl populations and distributions.
4.

Conservation Authorities

Each authority supplied locations of recreation and wildlife sensitive

areas.

GENERAL DISCUSSION
The material presented in the inventory is easily understood and can be

readily accessed by personel involved in spill response.

It will assist a

risk analysis project for the Great Lakes Basin to determine contingency
planning requirements.

This planning activity will identify requirements for

equipment in specific locations, operational procedures for alerting and

It will also provide a
response to spill incidents and spill prevention.
be encountered during a
may
which
problems
potential
of
on
better appreciati
spill incident.

It was felt that the quantity and quality of the data directly determines

the value of the environmental inventory.

Therefore, a continual assessment

of the data with the originators and users will be made to ensure the informa-

Consideration on the applicability of this information
tion is kept up to date.
cy planning may be given at a future date.
contingen
for uses other than

47

MONITORING - SURVEILLANCE
R. J. Bowden
Surveillance & Analysis Branch
Environmental Protection Agency
Chicago, Illinois

ABSTRACT OF PRESENTATION
Maps are used extensively as a tool for analyzing data, combining data
and as a medium for education and presenting data.
One major aspect of the
monitoring program is to develop a computerized system which will systematically produce large numbers of maps displaying data in many different ways.
Although maps are of great value, no map is any better than the data base
used to generate that map.
If that data base is inaccurate or incomplete the
resulting map can be dangerously misleading.
Any map that is to be used for
environmental decision making must be accurate and complete or it can easily

lead to unfortunate decisions.
Virtually any kind of map which presents information that is useful in
understanding or describing the environment is of interest to monitoring and

surveillance programs.

Of particular interest at this time would be a series

of maps showing legally defined mixing zones.
This would be most useful in
designing monitoring programs to support enforcement.
Maps defining the
development and location of thermal basis and thermoclines would be useful.
Such mapswould have to be time variable.
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ENVIRONMENTAL VALUE APPROACH TO ENFORCEMENT
H.

Zar

Enforcement Division
Environmental Protection Agency

Chicago, Illinois

As enforcement officials, we have made extensive use of water quality

It would
maps of noncompliance derived from sampling data and models.
in which
situations
of
number
a
summarize
could
I
if
be convenient also

EPA had actually used formal environmental value approaches to develop
Unfortunately, we really haven't
enforceable permit limits on discharges.

got that far with these techniques and my remarks must necessarily emphasize
what seems practical to us at this time. We have often been sceptical of
environmental value approaches, primarily because of our concern that the

method will lead to long delays and uncertain regulatory reSults. We have
lately become attracted to the application of biological value methods
However, we
particularly for new siting, especially for power plants.
to mixing
methods
remain apprehensive regarding the application of these
zones.

One ancient example on mixing zones may be useful. In raising the
issue of biological value systems in their 1974 report the Water Quality
Objectives Subcommittee of the IJC's Water Quality Board makes particular
mention of the one thousand foot mixing zone which has been applied by

I
pollution control agencies on Lake Michigan and other bodies of water.
reacted
speakers
as
me
preceded
who
Brungs
Dr.
and
f
know that Mr. Fetterol
and
very strongly to a series of hearings held by U.S. agencies in 1970
reand
n
pollutio
thermal
Michigan
Lake
of
issue
1971 which dealt with the

sulted in a thousand foot mixing zone being adopted as the findings of the
Lake Michigan enforcement conference and in the water quality standards of
Indiana, Illinois, Michigan and Wisconsin.

The 1974 Water Quality Objectives

Subcommittee Report in fact characterizes the thousand foot mixing zone as
arbitrary and without a logical basis.
in the
It happens that I was a participant at some of those hearings

early 1970's and supported the thousand foot mixing zone on behalf of EPA.

We took this position because of our perception that the result was a certain

and specific one, amenable to enforcement with the tools we had at the time.

lified
My understanding is that despite this mixing zone's undeniable oversimp

nature, it has functioned relatively well as an enforcement tool in the five
years since adopted.

In fact, the
I don't propose to defend the thousand foot zone now.
and EPA were
Congress
U.S.
the
that
you
remind
to
is
reason I raise the issue
consuming
time
all,
after
is,
It
zones.
at the time also unhappy with mixing
meet a
to
needed
t
abatemen
of
amount
and difficult to establish the precise

water quality objective or standard.
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The approach of the U.S. Congress was, in Public Law 92 500, to provide
such a far reaching goal for water pollution control in the United States
that limitations for industries and municipalities could be established on
the basis of available treatment technology.
One of the important purposes
was to reduce the necessity for pollution control agencies to waste their

resources in time consuming arguments with discharges about pollution discharges which could readily be abated.
The legislation went into effect in
1972; since then a National Permit System,

the NPDES System, has come into

being and a great deal of abatement is taking place.
I could

dwell on the good news about the application of effluent guide-

lines but there is also some bad news.

The effluent guidelines which have

been developed are not all they could be.
Some guidelines have yielded
limits which are not strong enough to clean up Great Lakes tributary areas.
Other guidelines, e.g. for steel, organic chemicals, and power plants have
been poorly received by courts and have lost much of their intended effect.
The result is that permits in large numbers still have to be developed on the
basis of water quality standards.
More specifically for this discussion,

mixing zones, no matter how vexing, are still an important part of the
regulatory process.

In the United States, each state establishes water quality limits for
various parameters and also a mixing zone formula or approach.
These limits
must be met at the edge of the specified mixing zone.
To the extent that the

formula or approach is well specified in state standards, the permit process
becomes relatively straightforward, although the technical difficulties of
plume modeling, etc. may be substantial.

If the mixing zone approach is

simply that the permiting agency will establish the mixing zone on a case by

case basis then the agencies have to do battle with the discharger and bear a

burden of proof for the mixing zone determination every time.

The moral is that the biological value approach, in its application to
mixing zones, will be much more efficient if it can be applied before water
quality standards are adopted rather than after. This is not an easy task.
If the approach is to be based on a 4 to 8% use of biological value or
something similar, as suggested in the committee report, the percentage will
have to be justified in part on social grounds and will have to have public
approval much as the thousand foot zone apparently did.
Such justification
ought to take place in a statewide forum such as a water quality standards

hearing and would profit from environmental maps that would inform the public
of the significance of this determination.
We are being asked to speculate on the kinds of maps we'd like to see
developed, the appropriate parameters for these maps, etc.
I would emphasize
pilot projects in a few select areas of the Great Lakes for which maps of
various kinds would be drawn and biological value systems established.
The
value systems could be tested for public reaction by opinion surveys.
If
some agency will permit it, they could also be tested in the crucible of a
public hearing or adversary proceeding. The States are now in a thorough
going water quality standards revision process and will go through another
such process in three years. One or the other of these revisions might offer
a useful opportunity to test biological value methods. The EPA Enforcement
Program is certainly looking for opportunities to use biological value methods
in strengthening cases against pollution discharges, assessing impact of
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thermal dischargers under 316a of P.L.

92-500 and other areas.

We have not

yet found such an opportunity but might be more willing to do so if the
This might mean that
necessary technical resources were easily available.
the necessary environmental maps were already drawn but support might also
take the form of an EPA contract for mapping services, witnesses, etc.

One idea that might be specifically tested would be environmental maps

as an actual part of standards.

For example, a standard could include a map

of present or potential spawning areas of a particular species and not permit

mixing zones in these areas.

Presumably also, one could have a full scale

biological value map with each mixing zone or the sum of mixing zones limited

to a fixed percentage of biological value.

The EPA enforcement program is in the midst of issuing guidance documents

for evaluating thermal impacts and intake impacts which recommend the use of

biological value techniques in the power plant siting process.

A number of

The maps
suggestions are made on the kinds of maps that might be drawn.
specifically recommended are local biological maps with site orientation to
allow comparison between sites but the effort could presumably also profit
from the presence of water body maps that could provide points of reference,
establish common terminology, etc.

One reflection on water body wide biological maps is that they will

assist power company consultants doing section 316a and 316b studies in obtaining information that tends to lie unused in agency or company files and help
An agressive effort
agencies evaluate demonstrations submitted by companies.
of maps would
form
the
into
it
to ferret out this information and distill

presumably have positive effect in this regard.

however,

One curiosity of this effort,

is that while extensive information will be found in areas like Lake

Michigan from which to prepare maps, the 316 effort has nearly ended there and
the maps will not be much used in the way suggested.

In areas such as Lake

Erie where the power companies are less advanced on 316, less data is perhaps

There is also the
available and the maps may not be as complete or useful.
problem of the potential use of inadequate maps by companies or agencies in a
As expenditures by power companies on 316a
way that will cheapen the process.
and 316b studies are in the millions of dollars on the Great Lakes and the

largest of any other source, it would be interesting to hear whether U.S.
power company staff or consultants present at this conference might have to
say about what potential benefits would be obtained from such an effort.

One can think of other responsibilities of EPA relating to new sources,

environmental impact statements, dredging,

filling of wetlands etc. where

biological value approaches and associated environmental maps would be of
help. In consulting biological staff as to further benefits of such maps,
however, I find them more concerned about the extent to which maps based on
imperfect or out of date data would adversely effect enforcement determina
It seems very important
That theme has been expressed here today.
tions.
of this nature that
work
any
on
aSSured
that a high standard of quality be
takes place.

In summary, we in enforcement find environmental maps an interesting and

potentially useful device for decision making particularly for new sites. As
regards biological value approaches, we would like to see them tested strenu
ously before any full scale effort is mounted.
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ECOSYSTEM UNDERSTANDING
H. A. Regier
Institute for Environmental Studies
University of Toronto
Toronto, Ontario

ABSTRACT OF PRESENTATION
Ecological information services, in order to provide useful data and
insight for managing natural environments with their renewable resources,
Should direct about equal attention to three essential activities: mapping,

monitoring and modelling.

These three, together with information services of

other related disciplines, should be recognized as comprising a dynamically
It is a scientific system that we create with certain broad
evolving system.

objectives in mind, - objectives that need not all be consistent with each
other.

Mapping tends to focus on important structural aspects of the ecosystem, -

Managers with a struc
aspects that are more or less permanent through time.
in terms of
largely
think
may
perceptions
ecological
tural bias in their
patterns, of
mosaic
in
perhaps
zoning
of
species,
sanctuaries for threatened
ce, of
noncomplian
of
zones
sacrificing
of
value,
areas of special biological

careful siting of new stress loadings, etc.

Monitoring is particularly well suited to trace changes in process

features through time at preselected points in space.

Practical people with

a process bias may focus on overall loading rates, on generalized mineral

cycling and flushing, on stress impacts on hydrodynamic and bioenergetic flow

rates, on eutrophication and sedimentation, etc.

Models interrelate structure and process and show how the resulting

system is influenced by natural factors or man made stresses applied exter

nally and internally to the system.
explain past observations

In this way is generated a capability to

(maps, monitored temporal

series)

and

to forecast

or predict future events. Managers with a bias towards holistic models rely
about equally on structural and process information on which to base experi
also to judge the efficacy of an overall management plan
mental management,
as well as that of various component regulations and protocols.

From the perspective sketched above it seems that "environmental value

mapping" could contribute to a major advance in the mapping component of the

ecological information system concerning the Great Lakes. The selection of
ecosystem properties to be mapped should depend in part on what is already

being monitored and modelled, in part on informed scientific guesses, and in
To the extent that the
part on the personal values of perceptive ecologists.

information needs of managers of the future can be foreseen, their needs

should also be taken into account.
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Environmental maps have been developed in both North America and Europe

for a variety of purposes.

Selected speakers were invited to discuss their

involvement in these previous mapping efforts:

performed?

How was it accomplished?

Why was the mapping effort

What pitfalls were encountered?

have the information and maps been used?
should have been made?
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How

And in retrospect, what modifications

CHESAPEAKE BAY AND THE POTOMAC RIVER
L. E. Cronin
University of Maryland

Cambridge, Maryland
and

A. J. Lippson
Martin Marietta Corporation
Baltimore, Maryland

Two extensive environmental mapping efforts have been undertaken in the
They differ substantially, but each contains lessons
Chesapeake Bay region.

in the high value of such summaries, in techniques which are useful and in
pitfalls which should be avoided. The first was incorporated in a book "The
an Atlas of Natural Resources" published 1973.
Chesapeake Bay in Maryland
The second will be published in 1977, as a book titled, tentatively, "Environ

For each, we present a brief
mental Atlas of the Potomac River Estuary".
justification, the concept of the volume, cost estimates, anticipated or
Conobserved uses, and notes on modifications which we wish had been made.
are
mapping
clusions and recommendations from our experience in environmental
then detailed.

THE MARYLAND ATLAS
In 1969, the State of Maryland decided to assemble the "Maryland Chesapeake
Bay Study" which would describe the Maryland portion of the Chesapeake Bay

system (approximately half of the 4400 square miles of the estuary), graphically

present data of the type which Ian McHarg has used for regional planning (geology,

climate, biota, culture, hazards, suitabilities, highways, energy patterns and

various composites); identify the problems of the region and suggest alterna

tives for effective approach to balancing uses; and develop a comprehensive

plan for the future.

In the course of assembling data on the living components of the Maryland

portion of the Bay and its tributaries, it became painfully obvious that

graphic summaries did not exist for most of the biotic resources of the Bay.

Charts were available only for oyster beds (as plotted crudely in 1906-12) and
for the principal spawning grounds of striped bass. When these maps were
included in the original draft of the Study,
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theimpression was given that

only these areas had resource values and that all of the rest of the Bay system,
perhaps 65%, was not of use - and available for waste disposal or other
potentially destructive usage.
The Chesapeake Biological Laboratory responded
by promptly assembling some of the considerable knowledge held, but not always

published, by experts on various resources.

New maps were

madewhich provided

reasonable balance in the since published Study.
We learned from this experience that reliable resource mapping should
be made available to decision-makers to avoid ignorant destructive decisions.
We made a commitment, without any potential for funding or very clear concept
of the audience available, to develop and publish a one volume atlas.
The
following procedures were followed:

1.

Editors and authors

A single editor, with much assistance, selected

the geographic scope, the environmental parameters to be presented

(depths, tides, currents, sediments and salinity) and the biological

species or groups to be included.

2.

Format - For each subject, information is presented on the left page,
written accurately in semi popular language by one or more experts.

The text is embellished with useful and attractive drawings and diagrams.
0n the facing page is a map of the distribution of the resource or topic

in Maryland's Chesapeake Bay.
Drawings include spawning areas, migration
routes, sites of seasonal concentration and as much more as could be

presented in color, clearly and without confusing an intelligent interested
user. A bibliography of principal references is included.
3.

Printing and publication - Eventually, the John Hopkins University Press
was chosen as publisher.
This press provided excellence in design and
production and arranged effectively for both promotion and distribution.
They recommended use of both hard-back and soft back versions, and printed
18,000 copies. Sales to date are about 3,000 hard and 11,000 soft-back
books.

Costs have not been fully accounted, since the Editor and contributing
authors were not separately compensated for work on this project.
We estimate
that 1.5 man years of editorial work, 1 man year of expert preparation and .5

year of technical assistance, with a total direct cost of about $25,000, were
required to prepare the manuscript for transmission to the publisher.

assumed that publication costs have
sales of the Atlas.
in publication.

beenmore than covered

It is

byprofit from

One and one half years were utilized in preparation, one

PITFALLS
The pitfall most obvious to us is that of using amateur cartographers
rather than professionals. As in every other field, the expert is likely to
be best, most efficient and, ultimately, least expensive.

USES

Uses have pleasantly surprised even those of us who were enthusiastic
They include:
from the beginning.
1.

Zoning

The Chesapeake Bay System has not been formally zoned for various uses,
use of
but many local, state, regional and federal agencies have made direct
uses.
the Atlas in selecting areas to avoid or favor for various possible

2.

Power Plant Siting and Related Research

of all
The Maryland Power Plant Siting Act requires detailed assessment
primary
a
is
Atlas
The
proposed sites of new electrical generating facilities.
stages
and
reference in choosing sites, in suggesting the principal species
nt
present, and in research design of field surveys for pre decision assessme
and para or post construction monitoring.
3.

Research Design

e
Investigation of the general ecology of the Bay system, of the valuabl
ions
alterat
mental
environ
fisheries rescurces, of the effects of pollutants or

system all draw
and of the fundamental processes of this complex estuarine
and interpreting
ing
heavily and frequently from the Atlas in designing, conduct
research.

4.

nt (EIS)
Preparation and Interpretation of Environmental Impact Stateme

The Atlas has become
EIS's are required by both state and federal law.
nts and their
stateme
a primary reference in both the development of such
review and assessment.

5.

Identification of Information Gaps

ble are truly exposed
Areas where there is little or no information availa
obvious where
became
it
ed
in a mapping process. As the Atlas was compil
little was known
that
t
eviden
inadequacies prevailed. For example, it became

about submerged aquatic vegetation,

that mapping of wetlands had progressed

ces change so much in
but was not yet adequate, and that some benthic resour
With publication, the
distribution and abundance as to be difficult to "map".
improving current
in
identification of these and other gaps has been useful
research.
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6.

Public and Student Education

The Atlas has been adopted by a number of school systems as the principal

reference on the nature of the Chesapeake Bay in Maryland.

In addition, popu

lar lectures and personal interest have drawn many citizens to the volume for
educational use.
7.

On the Coffee Table

The attractive format and intelligible contents of the volume have placed

many copies where they are casually browsed and partially read.
this contribution to public appreciation is an important value.

We think that

MODIFICATIONS

Modifications which we wish had been possible, or which might enter a next
generation of environmental mapping, include:
1.

An environmental map should deal with an entire natural geographic unit.

The complete Chesapeake Bay is obviously more appropriate than a portion
of the system cut off at an arbitrary line such as a state border.
There

is some possibility that a more comprehensive and useful edition encompas
sing the entire Chesapeake Bay System will be produced.

2.

Inclusion should extendbeyond the biota - although those resources fully
merit the effort. More thorough geological description, socio economic
inputs, description of changes over time, and greater, but not confusing,
detail about tides, currents, sediments,

salinity and other physio-chemical

features would be valuable for both technical and popular usage.

THE POTOMAC ATLAS
Since the Potomac estuary is already used by four steam electric generating

plants, and large additions have been proposed, the state officials responsible

for the Maryland Power Plant Siting Program decided that a detailed summary of

environmental features and uses would be helpful to those who must make deci

sions in the public interest.
The availability of the Editor of the Maryland
Atlas almost certainly favored the decision.
Several aspects differ from the
approach taken in the Maryland Atlas.
1.

Decision

2.

Scope - decided by a contractor responsible, essentially, to a committee.

made by a state agency, a user group, to improve its abilities.
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3.

Development - the Editor assembled pertinent data from the literature,
unpublished reports and all available data banks with emphasis on quanti
tative mapping whenever possible.

4.

Format - 9 large scale

(l:250,000) maps of culture, major users

(power

plants and sewage treatment plants), and the principal environmental and
resource features are presented.
These major reference sheets will be
inserted in a pocket in the back of the book.
Twenty nine page size
maps at l:500,000 are bound within the book to illustrate a wide spectrum
of subjects
from individual species seasonal distribution to water quality

conditions and physical circumstances.

Approximately 80 small maps show

details of qualitative distribution for fish eggs and larvae, monthly
average water temperatures and salinity regimes, and tidal amplitudes.
Numerous drawings, graphs and diagrams are incorporated into the text.
Although graphic displays are a primary tool, the written material is of
equal importance and will make up about 2/3 of the volume.
It is here
that basic concepts, interpretations and the inter-relationships of
elements in the estuarine system are described and discussed.
COSTS

Costs can be estimated.

About 5 man years have been needed over a period

of 2-1/2 years to complete the project to this point where it is ready for the
In total $150,000 will be required to research, compile, design,
printer.
print and distribute 3,000 copies.
PITFALLS

Pitfalls have been discovered, as always.

Staffing was small and unrealis

tic estimates were made of the work required to locate, obtain and arrange
Some of the available data turned out to be much weaker than
information.

The universal mapping problems involved in extrapolating, interpolating
assumed.
and placing edges on estimates of distribution and abundance are even more serious
when quantifications are attempted.
USES

Uses already served prior to publications and those anticipated appear

to more than justify the project:
1.

Many decisions relating to the siting, sizing and management of power
It is clear
plants have already drawn upon the information assembled.

that the summary will have long term value for this purpose and help
preserve important resource features.
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Industrial and municipal users and governmental agencies related to those

users have been aided and will be assisted by access to comprehensive
information.

Environmental Impact Statement preparation has produced an almost incessant

demand for assistance from the project.
Design,

conduct and interpretation of research are certain to be improved

because of the availability of the Potomac Atlas.

Estuarine concepts on materials and processes have been more clearly
understood and more effectively communicated as a direct result of this
"mapping" effort.

Migration, seasonal sequences in environmental condi

tions and the simultaneous appearance (and probable interaction) of

various organisms have been clarified, with development of new ideas and
suggestions.

Environmental mapping has been stimulated.
Inquires from a wide group
of planners, environmental groups and management agencies indicates that
successful mapping has created fresh interest.
MODIFICATION

The principal modification desired in this project would be that of greater
inclusion of the socio-economic impacts of the estuarine portion of the Potomac.
Available time and funding did not permit accumulation and presentation of all
of those data.

SUMMARY AND RECOMMENDATIONS
1.

We strongly recommend environmental mapping and urge the use of these
characteristics:

a.

Apply mapping to a complete natural system.

b.

Include the primary characteristics of the system hydrology, climate and special features.

c.

Provide excellent and intensive biological coverage, since the
biological features are both valuable as resources and exceptionally
useful as indicators of the "health" of the system.

d.

Develop the best graphic display of processes possible, using color
extensively for maps and other material.

the geology,

Include principal cultural features which affect or may affect the

system.
Guide users to additional sources,
sions and people.

including data, reports, discus

Place honest and effective emphasis on the weaknesses of the data,
relevance of presentations to changes over time and other proper
sources of limitations in use.

2.

We further suggest:
a.

Define objectives fully and specifically permit change with learning.

but stay loose so as to

in data, in the use of color for illustration,
Emphasize excellence
and in the involvement of professional biologists, geologists, anthro
pologists, cartographers or others with exceptional knowledge.
Employ available base maps same as those available from the U.S.
Geological Survey - don't invent new ones incompatible with standard
references.

Use the concept of "best available data" at a defined period of time.
Make the text vigorous and understandable.
Develop excellent visual presentations whenever they are possible and
can be accurate.

Link data summaries to computer systems to permit future up dating.

h.

Consider parallel development of both popular and technical versions.

In our experience for estuarine areas of Maryland, environmental mapping
The effort faces many difficulties and some risks.
is of extraordinary value.
t
The uses, however, are varied, important, intimately related to good governmen

and citizens' appreciation, and likely to include significant values which have
not been anticipated.
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AN OVERVIEW OF ESTUARINE INVENTORY EFFORTS
IN THE NORTHERN GULF OF MEXICO
R. A. Diener
Bureau of Land Management
U.S. Department of the Interior
Vale, Oregon

INTRODUCTION
The northern Gulf of Mexico is a broad arc of approximately 1,570 miles
(2,530 km.)

extending from the Florida Keys to the Rio Grande between Texas

and Tamaulipas, Mexico.

Throughout its much embayed length, this coast passes

through a series of climatic zones ranging from the tropical of southern
Florida to the semi arid of southern Texas.

These embayments, called estuaries, represent ecotones, or "buffer zones",

As
between the fresh water of the river system and the salt water of the sea.
such, estuaries have physical, chemical and biological characteristics which
The estuarine ecotone is,
are unlike those of either the river system or sea.
in turn, surrounded by other ecotones including marshes, swamps and sandy
These areas are influenced by tidal activity and represent the transi
beaches.

tion zone between the aquatic medium of the estuary and the terrestrial habitat

of the upland.

The estuary serves as shelter, breeding, feeding and nursery grounds for

many species of fish and shellfish which constitute approximately 65 90% of the
annual volume of the commercial fishery catch in the northern Gulf of Mexico,

depending on the statistical zone analyzed.
exceeds $288 million annually.

The value of this fishery currently

Estuaries also support a large sport fishery,

activity which is growing at a rate of about twice as fast as freshwater sport
fishing (Gresh, 1965).

an

Both estuaries and the surrounding marshlands sustain a significant share
of the waterfowl population on the Gulf coast. Large numbers of fur bearing
animals occupy the marshlands and the annual harvest of pelts frequently exceeds

The Aransas Bay area in Texas serves as the winter home of the
$5 million.
whooping crane flock, the survival of which is of concern to biologists of both
The value of estuaries to aesthetic appeal,
the United States and Canada.
swimmers, boaters, skiers, and other water sport enthusiasts cannot be com
puted.

In addition to the obvious values of estuaries briefly described above,
the adjacent marshlands and beaches are a rich source for organic detritus and
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nutrient materials which not only enrich the estuaries but the adjacent oceanic
Detritus and raw nutrients are the building blocks for many
habitats as well.
estuarine and marine food chains which are vital in the maintenance of sport
and commercial fisheries.

Unfortunately the estuaries of the Gulf coast
and elsewhere - are
decreasing in quality and in area. Many authorities consider estuaries to be
among our most endangered natural habitats.

Discussions of man's impacts upon

the estuarine environment have been presented by Diener (1964), Kutkuhn (1966),
Butler (1966, 1968), Smith (1966), Biglane and Lafleur (1967), Cronin (1967),
Marshall (1968), Wastler (1968), and many others. Basically, estuaries have
become dumping sites for waste products, either directly through domestic and

industrial discharges or indirectly by way of drainages of upland watersheds.
Estuarine areas have beensignificantly reduced by filling for real estate,
industrial parks and other developments.
Spoil banks and stream flow reductions
have altered the salinity regime and natural current patterns in many estuaries.
Estuarine use is expected to increase with the continued growth of human
population along the nation's coastal areas.
Many estuarine uses frequently
conflict and seem to be incompatible.
The problems caused by use-conflicts and
by chemical and physical alterations have focused attention on estuarine resource
management.
Problems associated with managing estuaries and approaches to their
solutions have been discussed by Schmidt (1966), Glenn (1966), Caufield (1966),
Underhill (1966), McHugh (1966), Lunz (1968), and others.
National, state and local legislation pertaining to the environment in

general and estuaries in particular which was enacted during the last fifteen
years attests to the growing public awareness of the need for prudent management
of the estuarine environment.
One such law, the Estuarine Protection Act (16
U.S.C. 1221 1226) resulted in the voluminous report on estuaries of the United
States (U.S. Department of the Interior, 1970).
Coastal states have historically had the responsibility of managing their
estuarine resources.
This responsibility has been stated or implied in many
state statutes.
Frequently, legislation, public interest, and funds needed

to conduct research for a better understanding and wiser

have

management of estuaries

beenlacking.

ESTUARINE RESEARCH FUNDING
The State Commercial Fisheries Research and Development Projects Act of
1965 (16 U.S.C. 779 779f) and Public Law 88 309 made states eligible to receive
matching funds to initiate and expand commercial fishery research within estu
aries.
Prior to the Act, few coastal states were involved in full-time

estuarine research. Funds that became available under P.L. 88-309 allowed the
states to initiate or expand their estuarine researchprograms. Such programs

includes the inventorying of estuarine resources.
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PLANNING THE ESTUARINE INVENTORY PROJECT
The Gulf States Marine Fisheries Commission (Thomas, 1950) is a compact
comprised of the states of Alabama, Florida, Louisiana, Mississippi, and Texas
which has helped to promote estuarine research.
The National Marine Fisheries
Service (NMFS) (formerly the Bureau of Commercial Fisheries, U.S. Department of
the Interior) under the National Oceanic and Atmospheric Administration, U.S.
Department of Commerce, cooperates with the research agencies of each member of
the compact.

In 1965, representatives of member states and of the NMFS recognized
the need for a cooperative Gulf of Mexico Estuarine
Inventory (GMEI).
The
Commission's Estuarine Technical Coordination Committee subsequently formulated
plans for an estuarine inventory project and these plans were approved May 15,

1967.

Objectives and procedures were standardized to allow the data to be

comparable for inclusion in the GMEI by all participating agencies.
The coopera
tive inventory consisted of four phases:
a physical area description of the

estuaries and the sedimentological, hydrological and biological surveys in the

estuaries of each state.
The primary purpose of the GMEI was to document conditions as they existed in the estuaries of the states and changes that were
taking place, and to provide historic records useful in detecting future trends
and changes in the estuarine environment.

Funding for the GMEI project for Alabama, Louisiana and Mississippi was
provided by P. L. 88-309 while the work for Texas and the west coast of Florida
was done by the Galveston, Texas, and St. Petersburg Beach, Florida, laboratories
of the National Marine Fisheries Service because these states had other commitments for P. L. 88-309 funds.

PURPOSE OF THE INVENTORY
The primary objective of the area description phase was to describe the
significant physical and socio-economic features of estuaries in the five states.
In Texas,

this was expanded to include pertinent biological, hydrological and

sedimentological properties of the estuaries due to a change in the Galveston,
Texas Laboratory priorities. Additionally it is hoped that this phase would
identify present and future problems in managing the coastal zones of the five
states and provide historic records by a review of the vast amount of published
literature, especially biological, that has accumulated in the past 100 years
so that future changes may be detected.
The hydrological, sedimentological and biological phases of the GMEI for

Alabama,

Florida, LOuisiana and Mississippi were accomplished in the field

using standardized sampling procedures and the year 1968 as a time basis.
data were anlayzed from computer format.
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The

ns have resulted from the GMEI
As of this writing, the following publicatio
project:

(1976);
Crance (1971), Swingle (1971), Bault (1972), May
and Anthony (1974);
McNulty, Lindall and Sykes (1972), McNulty, Lindall

Alabama
Florida
Louisiana

Barrett, 25 31.

(1971 a and b), Perret

(1971), Perett, 33 a1.

(1971);

Mississippi - Christmas (1973);
Texas

Diener (1975).

INVESTIGATION PROCEDURES AND PROBLEMS
d for the area
Literature searches for the various topics to be covere
data available,
of
t
amoun
description phase indicated that there was a huge
als and leaf
journ
,
books
of
published and unpublished, covering a vast number
h.
lets and frequently, in languages other than Englis

The data within the

collected nor analyzed in
individual topics, especially biology, was neither
m was overcome, generally
any standardized procedure or format. Once this proble
in order to smooth out the
within each topic, other details had to be worked out
each topic as it pertains to
data for tabulation. A description of problems for
is outlined below.
the Gulf coast in general and Texas in particular,

new

topic. ClimatologiThere was no significant problem with this introductory
the Laguna Madre
except
s
cal data was readily available for nearly all region
as fog days are
items
(Texas) and isolated regions of the Louisiana coast. Such
centers.
tion
popula
collected for only selected localities, generally large
and larger naviga
A future inventory effort may utilize oil well platforms
the estuaries themselves.
tional aid facilities for climatological monitoring within
ESTUARINE DIMENSIONS

inland limits of
Few standardized methods of measuring estuarine shorelines,
Identification
exist.
tidal influence or oceanic limits of estuarine influence
every
nearly
of
ns
of inland boundaries was accomplished by field investigatio
salt
some
have
to
river system in Texas and coordinated with plant species known
.
contour
by
and
type,
tolerance. Marshland limits were established by vegetative
lines
g
by drawin
Seaward limits were standardized for the entire inventory area
d.
headlan
to
d
headlan
from
and
las
peninsu
along barrier islands and
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g
l
i
3

VEGETATION
Many descriptions of estuarine vegetative assemblages exist in the literature.
Different qualitative and quantitative procedures and formats are used.
This
confusion holds true for upland plant zones as well.
National and regional

descriptions were compared with state floral lists and the composition of major
plant communities verified from the ground and air.
GEOLOGY
There is a great deal of literature on geology of the Gulf coast and there
is no great disagreement in stratigraphy above the Miocene.
The older formations

outcropped far to the north and west of the Texas coastal zone.
ESTUARINE SEDIMENTS

This material was difficult to obtain and the quality of that presented in
the Texas inventory, with the exception of Galveston Bay, left much to be desired.
The superficial observations of bottom sediments from the Sabine Lake or Matagorda,
San Antonio, Copano Aransas, and Corpus Christi Bays and the Laguna Madre systems
did not compare to the detailed study of the National Marine Fisheries Service in

Galveston Bay.

Petroleum companies have compiled considerable sedimentological data in the

bays of Texas and in other Gulf states, but they are generally unavailable for
public use.

The collection and analysis of estuarine bottom sediments on a standardized
plan for all Gulf estuaries would be of considerable value in understanding the
distribution of plants, sedentary animals, and the degree of impact that pollutants have had on bottom sediments within segments of the bays.
STREAM DISCHARGE

Data from the U.S. Geological Survey

used throughout much of the
was

inventory.

ns closer
Additional streamflow gaging stations could be placed on locatio
stations
gaging
lacking
to the Gulf on many streams or added to other streams
rivers,
major
on
irs
reservo
below
altogether. Gaging stations should be placed
such as the San Jacinto, which lack them.

added by the
Additional water quality and pesticide stations could be
hening estuarine
Geological Survey, supplementing those in existence and strengt
Water quality stations could be located on oil well platforms
pollution data.
estuaries.
and navigational aids, providing a coverage currently lacking in the
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PHYSICAL ENVIRONMENTAL PROPERTIES
e, and salinity.
There are many different sources for water temperatur
nitrates, nitrites,
ity,
Nearly all other hydrological parameters, Such as turbid
or lacking altogether.
phosphates, dissolved oxygen, etc. are spotty

These

with different procedures
latter parameters were generally collected and analyzed
a unit.
making their value even more unreliable if used as

abundant for most of the
Plotted salinity data, both surface and bottom, is

Texas estuaries.

ted and
If this data is to be of value, it should be collec

analyzed on a standardized basis.

The Texas data would be better if additional

mouths.
sampling stations were used, especially near river

this feature using
Future inventories would do well to carefully plan
to ascertain their
tests
standardized procedures preceded by a series of field
overall compatibility.

law

on the fauna of the
There is a voluminous amount of literature available
for collecting the data or
Gulf of Mexico estuaries. No standardized procedure
investigations in that
of
series
tabulating the results exists for any large
varying methods and
had
or
s
each investigator either studied different specie
to duplicate, and
have
would
objectives for each project. Future inventories
any degree of
insure
to
ted
improve upon biological procedures, where warran
uniformity.
able to that
Oyster reef data should be upgraded to be of quality compar
published by May (1971).
POPULATIONS

from the
Population statistics for the entire Gulf coast is available
in
parish
(or
County
ce.
Commer
Bureau of the Census, U.S. Department of
into
taken
be
should
y,
histor
Louisiana) history, especially organizational
by
ed
affect
are
data
these
as
consideration when compiling historical trends
splits or mergers.

ECONOMIC DEVELOPMENT
ce are uniform
Data from the Bureau of the Census, U.S. Department of Commer
s research groups
and equally reliable for all parts of the Gulf coast. Busines
tional gaps
such as the University of Texas are good sources for filling informa
noted
were
s
pancie
discre
Some
d.
unfille
in the data that would otherwise be
data.
local
when federal data were compared with
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The U.S. Fish and Wildlife Service maintains data on sport fishing and

hunting while the National Marine Fisheries Service monitors the commercial
Over the years, all of this data has been revised to become
fisheries.

increasingly more detailed and much care has to be exercised if meaningful
results are to be obtained for long periods of time.

POLLUTION

These data are, unfortunately, an indication of population and economic

growth on the Gulf coast as well as a measure of the increasing amount of stress
that is being placed on the estuarine habitats. These data are also the hardest

Data on pollution was separately obtained from state
to collect and to analyze.
The Texas Water Quality Board had computer printouts which
or county officials.

and
facilitated this Work while the data had to be obtained from various county

local officials in Florida.

1.

Domestic pollution

Numerous gaps in the data were apparent.

Data for some

many treatment
parameters were represented by a single or few readings at
nt plant was
treatme
the
h
Some data were lacking altogether althoug
plants.

In many cases the treatment plant was recorded as workfully operational.
ing at capacity even though it was overloaded.

2.

3.

were typical of
Industrial pollution - Again, the same problems that

ls.
domestic outfalls was typical of industrial outfal

difficult to obtain.
Agricultural pollution - This item was perhaps the most
at scattered points
Some data was obtained by the U.S. Geological Survey
applicable to the
were
ns
statio
few
a
within the state of Texas, but only
levels in fish
ide
pestic
on
data
mented
It comple
needs of the inventory.
Department
ife
Wildl
and
Parks
and oyster tissues collected by the Texas
from various estuaries.

under this heading.
Coliform counts was the only parameter mapped

These

tment for the purpose of preventing
data are maintained by the Texas Health Depar

public market.
the sale of contaminated oyster meat on the

pollution information from
In all aspects, a uniform system for collecting
sampling, analysis and tabulation is
all sources using uniform procedures of
attempted. Personnel on the GMEI
imperative before any future inventory is
rm
were omitted, or altered, to confo
are generally convinced that some data
use of oil

lines.
with federal or state pollution control guide

Again, the

e
for fixed monitoring points would enabl
well platforms and navigational aids
under
sible
ry, a procedure now impos
mapping for pollutants within the estua
present conditions.
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CHANNELIZATION AND FILL

Only one estuary, the Laguna Madre of Texas, presented problems in mapping
This estuary
areas of landfill. No maps of any quality existed prior to 1910.
roads of
access
of
is characterized by the smallest population and least amount
sands
drift
Classed as a dying estuary, large amounts of
any estuary in Texas.
crude
Two
are blowing into this body of water creating a rapid shoaling rate.

maps prepared by Mexican and Confederate authorities were of some aid in deter-

Incidentally, the
mining the amount of filling from the activities of man.
Confederate map may have been part of an effort of that government to find
havens for blockade runners during the Civil War.

FUTURE INVENTORIES
In order to properly identify adverse impacts on the estuarine environments
on the Gulf Coast, it will be necessary to upgrade the GMEI publications when
data and circumstances warrant.

When it becomes necessary to conduct a new inventory project, the work

should be done on the largest workable unit, whether it be an international,

national, regional or state effort, to insure uniformity in results, as few
Once committed, no agency should
agencies as possible should conduct the work.
let its commitment to the inventory project become subservient to any other

program within that agency, whether that program be ongoing or initiated follow-

Procedures should be coordinated as to collec
ing the start of inventory work.
all parties before the start of inventory
with
tabulation
and
tion, analysis
recommended that a short trial period
is
It
field.
work, especially in the
the actual start of inventory work so
before
of data collecting be instituted

that "the bugs may be ironed out".

The final publications resulting from any new inventory should be issued by
Covers of the publia single printing firm using identical formats and print.
cations should be similar, differing only in color if this is needed to differ

entiate between series of more than one volume within the project.

Editing

should be done by a single individual or group under a single roof to effect
The data should be compiled as soon as it is complete and published
uniformity.
as soon as practical so that the data may be used when it is still fresh.
Between inventory efforts, new data and research progress should be
Such a literature review for
monitored yearly and summarized at given periods.
currently being supplemented.
is
and
(1969)
the Texas coast was published by Gunn
Such efforts are indispensable to future inventory efforts.
Individuals responsible for future estuarine inventories may do well to
Such items as
consider the possibilities of satellite or aerial coverage.
vegetation types, water quality, land use and estuarine currents are a few of
the parameters which can be mapped and verified with a minimum of "ground truth"
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field work.

Once such monitoring has been initiated, it is possible to concen

trate on other items which may otherwise receive only superficial treatment
when limited financial or personnel resources are a serious problem.

The work on the 1968 Gulf of Mexico Estuarine Inventory is continuing.

A

summary paper covering the area description phase for the northern Gulf coast is

being developed at the National Marine Fisheries Service, St. Petersburg, Florida
(Wm. N. Lindall, Jr., in press).
As of this writing, only the Florida hydro
logy and sedimentology phases remain outstanding.
One other survey has since been completed.

The seven issues of the Environ-

mental Geologic Atlas of the Texas Coastal Zone by the Bureau of Economic Geology
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of the University of Texas - Austin are a welcome addition to the literature of
the Gulf coast.
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ATLAS MAKING:

THE NEW YORK BIGHT EXPERIENCE

J. C. Ginter
National Oceanic and Atmospheric Administration
Office of Marine Resources
Rockville, Maryland

INTRODUCTION
All good scientists in the environmental fields it seems, like to make maps
of the phenomena they study.
This is fortunate because it helps all the rest of
us understand the data they so carefully collect and publish in the scientific

literature.
Occasionally, a perceptive individual or group of people will take
note of the mass of data being produced and suggest that it may be more meaningful to have it all plotted on maps in one publication for handy comparison and
reference.
Usually, this graphic collection of data is called an atlas as an
allusion to the specific geographic area it covers.

But let me remind you that the word "atlas" originally had a completely
different meaning which, you'll see, is nevertheless appropriate to book making.
shoulders as punishment for feuding with Zeus. We have since used the word
figuratively to describe people who carry extraordinary burdens. It's interest
ing therefore, that Gerhardus Mercator decided to illustrate his 16th century
map collections with a figure of the legendary Atlas, half crouched, supporting

the earth. Did he misinterpret the story? Was this the product of a brilliant
geographer's playful imagination? I don't know. However, I agree that it makes
an excellent trademark for an atlas maker since it truely represents his burden
and effort.
I say this in fair warning to anyone who fancies a quick and easy

job of compiling an environmental atlas. Data in an atlas format can be enormously more useful than in regular scientific publications for certain purposes,
but an atlas is, may I say, a herculean task.
The New York Sea Grant Institute, in cooperation with NOAA's Marine Eco
systems Analysis (MESA) program, has made an attempt to produce an atlas of the
New York Bight.
We have succeeded, in part, with the NY Bight Atlas Monograph
Series which is currently being published by NY Sea Grant.
The purposes of our

atlas project are basically similar to those described by Dr. Cronin for the
Chesapeake Bay atlas, although the end product is quite different. Our objective

was to describe the environment of the NY Bight in a way that could

be readily

understood and used by decision makers and concerned citizens. We wanted to
show the Bight as it is today and how and why the conditions we see exist. Also,
We wanted to shed light on much of the good scientific information that rarely
surfaces from the deeper scientific literature to a level of understanding for
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In Greek legend, Atlas is a Titan compelled to support the heavens on his

It seems that this ill defined, but large, group of non
non specialists.
specialists concerned about the marine environment are the ones who ultimately

effect decisions relating to environmental quality.

These are the people we are

trying to reach with our comprehensive summary of the NY Bight.

It is significant that the interrelatedness of people with the environ
ment is a central focus of the NY Bight atlas project. Perhaps the largest
problem we tackled with our atlas is lack of public awareness of the Bight's

resources and relationship to the multitudes living on its coastal perimeter.

Using the atlas concept as our medium, we have attempted a kind of environ

mental consciousness raising.

The atlas concept, as applied to the NY Bight, was born in late 1972 out
of a conversation between NY Sea Grant Director, Dr. Donald F. Squires and
Dr. Allen C. Hirsch who was then director of the new federal MESA program.
Dr. Hirsch was organizing MESA to begin an intensive, seven year research effort

in the NY Bight, among other designated coastal regions.
In their discussion,
Dr. Squires agreed that MESA would produce some excellent marine science, but
that the problem of conveying this information to non-scientists would remain.
For example, local decision makers would most likely not read or see the techni
cal papers and government science reports on MESA work, but they could greatly
benefit from a better understanding of the Bight. Dr. Squires and Hirsch decided
the best approach to this problem of reaching beyond the scientist was a collection of illustrated essays, designed for easy understanding, and summarizing
current knowledge in different aspects of the Bight. This collection of essays
or state-of the art papers, also would be useful in pointing out knowledge
deficiences to help plan research priorities and to increase public support of
MESA efforts. When edited, the papers were to be bound in a single volume called
the New York Bight Atlas.

THE PLAN
The plan for this atlas was straightforward and flexible. Under MESA
sponsorship, NY Sea Grant secured contributions from recognized professionals
knowledgable of the Bight.
These contributions
the essays
are the
scientific essence of our atlas.

Also,

Sea Grant edited, printed and distri

buted the final product.
MESA provided an editorial board for final decisions
on topics to be included, format, design and, most importantly, manuscript
review and approval.
Choosing qualified authors and relevent topics were
certainly of primary concern. Much consideration however, also was given to
balancing New York and New Jersey perspectives. Likewise, care was taken to
assure that purely oceanographic topics were balanced with resource-related and
people related topics.
The geographic area defined as the NY Bight for purposes of the atlas
project is that part of the Atlantic Ocean from Montauk Point, NY to Cape May,
NJ and seaward to the edge of the continental shelf.
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This 15,000 square nautical

mile sea derives its name from the bend, or bight, in the coastline and the
largest city at the apex of the bend.
Bays and estuaries behind barrior beaches
were not included.
Their ecology is complex enough to warrent an atlas of their
own.
However, we did include Sandy Hook, Raritan and Lower Bays since all water
borne pollutants entering the Bight pass through this area.
The circulation and

chemistry in this three bay complex has been recognized as significant to conditions in the Bight's apex.

Rigid definitions of boundaries were not made.

Like other coastal regions

the Bight is a dynamic environment, the constituent parts of which are often
affected by events outside neatly drawn lines on maps.
Fish and pollutants, for
example, pay no attention to arbitrary boundries.
The single greatest factor

influencing the Bight's environment -- the human population - is technically
outside a narrow definition of the Bight, but must be included in a comprehensive
atlas. Therefore, We subscribed to a broad definition of the Bight region
embracing inland, offshore and adjacent coastal areas depending on the topic
discussed.

Each contributing author was asked to summarize existing data in his topic
as it related to the NY Bight.
This summary was to include interpretation as
well as description of the data. We wanted to know, for example, how good
existing data is from a management point of view say, and what new research
should be done. We recognized that interpretation of this kind would be more
difficult in some topics than others.

Basically however, we wanted to say to

our audience, "Here is what is known about this certain aspect of the Bight and

here is why it is important to know this or find out more".

Authors also were

asked to provide full documentation and referencing in conventional scientific
style.

We provided each author with two comprehensive bibliographies on the Bight,
standardized base maps and cartographic services. The base maps were developed
for us by the American Geographical Society and were printed in several different
scales, projections and perspectives.

Their purpose was for continuity in graphic

style and geographic comparability of data among topics.

THE ATLAS MONOGRAPHS
Before any manuscripts started to arrive at our Albany office, a meeting
was held betwaen MESA and NCAA officials in Washington, DC.
Dr. Squires was

there to explain the Atlas project, as it was the first MESA funded project in
the MESA NY Bight program. Since there was a perceived need for an early product

in the MESA work,

it was decided that the individual atlas essays could be pub-

lished separately as a preliminary product.

These separate publications would

be the Monograph Series from which the final, single volume atlas could be

derived.

There were some important advantages to this concept.
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A 20 to 40 page
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in print. Earlier manuscripts would be grossly obsolete before publication of
the atlas under the original plan.

The advent of the Monograph Series allowed us to completely reconceive the
final version of the NY Bight Atlas. It was redesigned to digest and simplify
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linear approach to the environment

the biology and geology and so on.

first the physical chemical aspects, then

We wanted to show what ecologists have been

telling us for years, that everything relates to everything else.

Our approach, as conceived by Dr. Squires, was to describe no more than
three or four environmental concepts at once and show how they relate to human
affairs. For example, we would have a set of diagrams illustrating how the
bathymetry, water circulation and climatology of the Bight combine to effect
beach erosion. Also, we could show how human activities affect beach erosion.

Then a completely different subject would be taken up, such as the growth of the

Port of New York and its impact on industry, population and water quality.

We did some extensive experimentation with this idea. A book designer was
consulted, thumbnail sketches of page layout were done, and several chapters
were laid out in the rough. Dr. Squires "wrote" chapters like a TV script, in
terms of visuals rather than words.

Data from the monograph manuscripts had to

be married to graphics other monographs and other publications. We discovered
however, we had to do much more original research than was planned to produce
Too often, the graphic
data and graphics that did not exist in the monographs.
we visualized for a certain concept or table of data was not to be found anyThe research and artistic effort was formidable
where and had to be created.
and would have required two fulltime workers for six to nine months at least.
The talent, creativity and enthusiasm were together, but the project failed for
lack of time and funds.
The cost of producing the final atlas as planned was perhaps the final
killing factor.

The American Geographical Society, which was interested in

doing all final cartography, printing and publishing, estimated production costs
at over $300,000 based on our specifications for a hard cover book of about 300

pages with four color printing. A cheaper alternative of having the U.S.
Government Printing Office do the work would have meant sacrificing time and
For our purposes this was considered unsatisfactory by both Sea Grant
color.
Federal support of a project this large would cause prohibitive
and MESA.
matching problems for NY Sea Grant. Without major support from private founda

tions and corporations -- we were seeking $116,000 which was not forthcoming in
spite of our efforts

plans for our final atlas had to be put aside.

We

believe however, the atlas format envisioned by Sea Grant remains one of the
most effective ways of communicating environmental information to a broad,

generally non technical audience.

It is unfortunate this idea wasn't

more fully

developed and incorporated in our atlas planning from the start.

THE PROCESS:

PRODUCTION;

PERSONNEL AND COSTS

Publication procedure for the New York Bight Atlas Monograph Series has
been developed according to particular advantages and disadvantages of this pro
ject.

For example, we saved significantly on printing costs by using the print

shop facilities of the State University of New York (SUNY) Central Administra-

tion.
On the other hand, a major disadvantage was our reliance on some workers
over whom we had no direct management control.
Draft monograph manuscripts were initially submitted to the NY Sea Grant
Office.
Copies were then sent to the MESA Editorial Board for review and
approval.
If the manuscript was disapproved, a revision request was sent to the
principal author with a synopsis of reveiwer comments and suggestions of how it

could be improved. After Editorial Board approval, the author's honorarium was
paid and the manuscript was passed on to our editors for initial editing.

Simple yes or no answers from the Editorial Board were usually rare, however.
To avoid further delay in author revision time, minor changes were frequently
made by the editor in consultation with the author.

When the editor had an understanding of the graphic requirements for a
manuscript, a graphics conference was held including both editors (senior and
associate), the project manager and cartographers. Drafting specifications for
each map and figure were developed in this meeting so that final drafting could
be done concurrently with final editing. Checks on accuracy and special problems
of the cartography were madeat several stages - rough pencil sketches, mechani
cals (oversized, inked format prior to camera work), and color keys (acetate
color facsimiles). When the color keys were approved by author and editors, the
graphics could be taken to the final step of composit negatives ready for plate

making in the print shop.

Thus, registration of colors and lines on the printed

page was a function of cartography rather than printing over which we had less
control.

The graphics conference and constant monitoring of the drafting process

proved valuable to us in avoiding costly mistakes. Cartographic time and mat
erial, especially mechanical preparation, dark room time and photographic
supplies, can become overly expensive when errors or changes of-mind are frequent.
In this regard, we occasionally brought an author to Albany to avoid misunderstandings in graphic and editorial decision making.
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The edited version of a manuscript was reviewed by the senior editor and
author. Revisions and adjustments were negotiated to everyone's satisfaction
before typesetting could begin. This work was done in an office of the SUNY
Central Administration and, although a fee was paid for typesetting and pasteup
services,
Likewise,

Sea Grant could not have direct control over the priority of its work.
the darkroom used by our cartographers is located in the Geography

Department of SUNY at Albany and scheduling around student use of the facility
was difficult at times. These peculiar aspects of our operation caused some
delay from time to time. Page layout and design was done by our editors, but
pasteup, galley proofs and typographical corrections were made in the central
Final page proofs including graphics were reviewed and
typesetting office.
approved a second and final time by the author, senior editor and project
manager before being sent to the print shop.

Printing was done at the SUNY Central Administration print sh0p in Albany.
This facility gave us a significant advantage over the cost of printing each

monograph by a commercial shop.

Printing costs varied according to the number

This paid for the
of pages of course, but rarely exceeded $200 per monograph.
cost of offset plates only. We did not pay printer's salaries or press time.
Paper and ink were bought separately and in bulk at the beginning of the project.
Folding, binding and trimming was contracted to a private firm due to a shortage
of personnel in the SUNY print shop. The per monograph cost of this work aver
aged about $150. Our advantage in printing costs were occasionally offset by
a disadvantage in time. Again we were in a position of little direct control
over the priority given our work. A typical print run of 200 copies in three
colors could be done in f0ur to six weeks at the earliest, but sometimes

exceeded two months depending on the workload from other SUNY departments.
Alternatively, we found we could have monographs printed commercially in a
little over two weeks for about one dollar per copy.
An advertising flyer with detachable order form was circulated widely
Orders were taken also by telephone
before the first monograph was published.
four dollars each and a discount is
at
priced
are
monographs
The
and letters.
single monograph) and for ordering
a
of
copies
25
offered for bulk orders (over
libraries and Sea
individuals,
to
sent
are
the complete series. Monographs
are sent to all
copies
y
Complimentar
Grant Advisory Service offices as well.
monograph authors and MESA offices for their separate distribution.
Personnel for the NY Bight Atlas Project included four full time and about

six part time workers.

The associate editor, two cartographers and project

Part time workers included the director,
manager were employed full time.
senior editor, typesetter, distribution clerk and two cartographers. Several
cartography and design consultants helped us develop our ideas on the Atlas and
Monograph Series early in the project.
A total of six separate grants from MESA to NY Sea Grant were made over a
These awards
period of three years (1973 1976) to support the Atlas Project.
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amounted to slightly over $300,000.

It

An accurate analysis of how these funds

I

were distributed is difficult at this time since the project is incomplete.
However,

a generalized picture of percentages spent in certain budget categories

can be derived from our accounting data.

1976,

Salaries and wages were by far our most costly item.
As of August 31,
they accounted for about 48% of the projects total budget.
Fringe benefits

cost about an additional 9% of the total.
Indirect costs or university overhead
was charged at a rate of about 21% of personnel costs, amounting to 11% of the
total appropriation.
Thus, we spent over two-thirds, about 68%, of our total
funding for people and a place to work.
Consultants fees, which include author
honorarium in this categorization, amounted to 13%; miscellaneous costs
10%;
publishing - 4%; equipment and supplies - 3%; and travel, about 2% of the total
funding.

SPECIAL PROBLEMS
The most fundamental problemof producing an atlas is getting the raw
material.
In spite of the fact that an atlas is a description of existing

\

information, collecting the data and setting it on paper as words and graphics

is still a creative process.

requirements of this process:

An atlas producer

\

must rely entirely on two

enlisting the support of talented creators, i.e.

contributors, and getting the work done when and how it is desired.

Enlisting the cooperation of qualified contributors for the NY Bight Atlas
Project proved more difficult than originally anticipated. Many first choices
for authors declined for lack of time or immediate interest.
Scientists some
times turned us down after weighing the workload of writing an atlas paper against
their primary employment responsibilities. Academic scientists for example, may
be reticent to contribute to gray literature, such as the Atlas Monograph Series,
if it will not be considered as a bona fide publication by their university
department.
Federal and state employed contributors responded best when a clear

relationship could be made between their jobs and our atlas requests.

some authors thought we asked for too much compared to their rewards.

Also,

Early in

the atlas planning, our sponsors believed that our atlas would be an attractive
alternative to regular scientific publication and getting contributors would not
be a major problem.
Small honoraria were arranged, but had to be increased
before some authors would spend the time preparing a paper.

'

Most authors could work on their contributions only in their free time.
This meant that atlas work always seemed to be on their backmost burner, despite
Except
the honorarium incentive and persistent encouragement from Sea Grant.
a
was
commitment
author
of
for a few dedicated contributors, the low level

chronic problem.

The average writing time

submission of a first draft -

from securing author agreement to

was about 11 months and ranges from six months to
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three years. Authors of two monographs were relieved of their agreement
to contribute late in the project and had to be replaced by professional

consultants under expensive contracts to provide us with acceptable
This contract mechanism worked well
manuscripts within a specified time.
of first class scientists
attention
the
attract
to
able
were
we
because
writing/creative process.
the
over
control
real
only
our
provided
it
and

The variance in data and writing quality was considerably greater than
From an editing point of view, there was no way to standardize tech
expected.
nical level of writing without a massive amount of editing and revision.
Scientific American type articles represented the style and level of writing we
wanted to attain in the monographs. Although some variation was expected, the
inherent technical aspects of the data and the author's ability to describe and
explain were sometimes discouraging. For example, discussions on aquaculture
and artificial fishing reefs were based on little hard data, but temperature and
salinity data were too much to handle without computer synthesis. The first
draft on wave conditions in the Bight was a mathematical description difficult
to comprehend for anyone outside physical oceanography and yet the data has some
important relevance to the problem of beach erosion. That message would never
have come through to the non specialist, environmental manager. 0n the other
hand, some papers were too weak on analysis. We often found ourselves going
back to the author asking, what is the meaning of this data you describe and why
should environmentally concerned citizens know about this topic? Occasionally
the authors indicated we were asking too much, what we wanted just isn't in the
scientific literature and would require original research to obtain.
In fact,
an important aspect of this problem was a perceived change in direction of the
Atlas due to changes in MESA leadership. As the project evolved, some signals
about what was really expected could have become crossed. This push and pull
between the authors and atlas makers over data and writing quality (which is not
altogether bad) resulted in much more time spent on editing than originally
anticipated. Most manuscripts could not be printed with a simple cosmetic
treatment of the prose as was planned.
Difficulties experienced with graphics also exceeded expectations.

Origi-

nally, authors were provided with base maps in four different scales on which to

plot their data. Many authors found these to be inadequate for their special
purposes. The maps had either too much water area or not enough. Some authors
needed larger scale views of the apex area only while others needed maps of the
Georges Bank to Cape Hatteras region.
One author requested a three dimensional
map to plot temperature and salinity data.
Some had their data already computer
plotted on maps with different projections than ours and couldn't transfer their
data without reprogramming. We ultimately used a wide assortment of maps some of our base maps, some redrafted versions of the author's, and some from
other publications by permission.
Strict uniformity was impossible.
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Our cartographers were originally hired when they were still full time

students in the Geography Department at SUNY/Albany.
Our intent was to have
them simply draft in final form the data provided on our base maps.
We provided

them with negatives of the base map line work.

As our graphic problems became

more complex however, we had to lean more on their ability to work cartographic

wonders with limited equipment and experience. From the start, we recognized
the importance of attractive design and use of color to convey information. Our
cartographers and consultants helped us learn what to expect from different
techniques. The most common graphics problem encountered was reconciling what
we wanted to see as an end product with time and money constraints.

END PRODUCTS
Our target audience for the NY Bight Atlas Monograph Series is the educated
non-specialist, generalist, concerned citizen, environmental planners and
decision makers in the NY Bight region.

It is difficult to accurately determine

what the impact is on this audience because of scanty feedback information. The
approach we have taken is to record all names and addresses of people ordering

monographs.
This record is not conclusive since there has been additional
distribution through MESA, the contributing authors and complimentary copies.
However, some interesting observations can be made from the record.
Most sur

prising is that from orders received up to early August 1976, only 38% came from
New York and New Jersey.
In fact, orders from Massachusetts exceeded those from
New Jersey by a small margin. Practically all other coastal and Great Lakes
states are represented in the record. Orders have been received as well from
four Canadian provinces, Australia, France and Venezuela. The majority of
orders have come from government agencies and consulting firms. The less technical, problem oriented monographs are more popular than those perceived as not

relevant.
Monograph 11, Beach Forms and Coastal Processes has been our best
seller to date whereas Monograph 9, Gravity, Magnetics, and Seismicity is among
those least ordered. Actually, Monograph 9 is written well and has relevancy to
the question of oil deposits on the continental shelf.

Other top monographs in

sales are Tides (4), Sand and Gravel (21), Artificial Fishing Reefs (18) and
Fish Distribution (15).
ed at this time.

It should be noted that not all monographs are publish

A useful study of target audience preferences for an environmental atlas
has been done in Washington state in preparation for an atlas on Puget Sound.

Alyn C.

Duxbury and Patricia Peyton at the University of Washington in Seattle
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designed a questionnaire to test the perceived value of an atlas with the same
list of topics as in the NY Bight Atlas Project*. The questionnaire was sent to

individuals in federal, state, county and city agencies concerned with coastal

zone

matters.

It was also sent to industrial groups, port authorities, con

sultants and researchers.

Their results in brief show an overwhelming preference

for a monograph series format, priced under $75 for the entire series, as opposed
Also, descriptive writing was considered by the
to a single volume atlas.

respondents most effective in communicating environmental information over maps,
photographs and graphs. Not that graphics should be excluded or minimized, I
believe this response simply means that most of us are word oriented rather than
visually oriented in our professional lives. Moreover, a significant majority
opinion held that multicolor printing improves presentation of technical material
and aids its interpretation. Most all respondents stated that the technical
level of writing in an atlas should be equivalent to or less technical than
Scientific American papers.

RECOMMENDATIONS
--

It is apparent that
Spend some money on planning and thinking out loud.
Puget Sound Atlas
proposed
the
for
done
being
work
y
preliminar
of
the kind
and format.
content
objectives,
atlas
planning
for
effort
the
is well worth
talking
here,
doing
we're
what
exactly
do
to
is
Another useful exercise
The
mapping.
al
environment
in
experiences
and
about user needs, data bases
Mr.
by
applied
being
already
is
value of our experience in the NY Bight
Ronald Stewart at SUNY/Albany in putting together an atlas of Lake Ontario.
Advance planning which includes sampling opinion should prove very useful
in future editorial decision making.
Identify audienceneeds and production capability. Who is to be reached
with what kind of information? This may seem an overly simple question,
but has direct bearing on publication format, style and technical content.
Different approaches would be taken, for example, if the aim is to raise
the environmental consciousness of a general audience to certain key
Once the
problems or if the audience is to be limited to technocrats.
can
personnel
production
and
creative
the
audience and format are decided,
imposed
within
done
be
really
Can the desired end product
be identified.
personnel, time and money boundaries? Realistic time schedules that allow
for inevitable applications of Murphy's Law should be considered. Sponsors
and staff with overly great expectations are easily demoralized by unforeseen delays. Thus, a certain amount of flexibility is necessary to deal
with overlooked problems.
An enthusiastic and co
Commit scientific contributors to the project.
asset. The mission and
important
an
is
contributors
of
group
operative
from the start to
explained
well
be
to
has
project
atlas
design of an
paid for their
well
be
should
Contributors
garner scientific support.
as an
considered
be
may
contract
binding
talent and time. A legally
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assurance for timely contributions. Progress meetings should be held periOdically to maintain interest and interaction among authors and with staff.
As a group, authors should be made aware of graphic, editorial and production requirements if possible so that these aspects do not come as a

surprise to the author during production stages when his cooperation
is still needed. Authors should be consulted about the graphic
capabilities of their data before a major investment is made in cart

ography to better understand final mapping needs.

:i
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THE ATLAS MONOGRAPH SERIES

£3
1

HYDROGRAPHIC PROPERTIES Malcolm J. Bowman, with cartographic assistance

l

i

by Lewis D. Wunderlich, Marine Sciences Research Center, SUNY.

CHEMICAL PROPERTIES James and Elizabeth Alexander, Institute of Oceano
graphy, SUS Florida.
CIRCULATION

. l
5W}

Donald Hansen, Atlantic Oceanographic and Meteorological

Laboratories.
TIDES

R. L.

Swanson, MESA New York Bight Project.

WAVE CONDITIONS
SUNY.

STORM SURGE
Service.

Willard J. Pierson, University Institute of Oceanography,

N. Arthur Pore and Celso S. Barrientos, National Weather

MARINE CLIMATOLOGY Bernhard Lettau, National Science Foundation,
William A. Brower, Jr. and Robert G. Quayle, National Climatic Center.
REGIONAL GEOLOGY

John E. Sanders, Columbia University.

GRAVITY, MAGNETICS AND SEISMICITY

James R.

Cochran and Manik Talwani,

Lamont-Doherty Geological Observatory.
10.

SURFICIAL SEDIMENTS

George Freeland and Donald J. P. Swift, Atlantic

Oceanographic and Meteorological Laboratories.

ll.

BEACH FORMS AND COASTAL PROCESSES

12.

PLANKTON PRODUCTION

Warren E. Yasso, Columbia University,

and Elliott M. Hartman, Jr., Westchester Community College.

Charles S. Yentsch, Bigelow Laboratory for Ocean

Sciences.

13.

PLANKTON SYSTEMATICS AND DISTRIBUTION

14.

BENTHIC FAUNA

Thomas C. Malone, City University

of New York.

Service.

%

onal Marine Fisheries
John B. Pearce and David Radosh, Nati

g
I

15.

FISH DISTRIBUTION Marvin D.
Marine Fisheries Service.

Grosslein and Thomas Azarovitz, National

16.

and
J. L. McHugh, Marine Sciences Research Center, SUNY,
FISHERIES
J. C. Ginter, NY Sea Grant Institute.

17.

AQUACULTURE

18.

ARTIFICIAL FISHING REEFS
Conservation.

19.

RECREATION

20.

PORT FACILITIES AND COMMERCE
New York and New Jersey.

Orville W. Terry, Marine Sciences Research Center, SUNY.
Albert C. Jensen, NYS Dept. of Environmental

E. Glenn Carls, University of Waterloo, Ontario.
Alfred Hammon, The Port Authority of

21.

a section
John S. Schlee, U. S. Geological Survey, with
SAND AND GRAVEL
'
e.
by Peter T. Sanko, NY Sea Grant Advisory Servic

22.

S
JURISDICTIONAL ZONES AND GOVERNMENTAL RESPONSIBILITIE

23.

DEMOGRAPHIC PATTERNS

24.

TRANSPORTATION

25.

ELECTRICITY GENERATION AND OIL REFINING

Paul Marr, SUNY

at Albany.

Charles Koebel and Donald Krueckeberg, Rutgers

University.

University.
Richard K. Brail and James W. Hughes, Rutgers
H. G. Mike Jones, Harold Bronheim,

atory.
and Philip F. Palmedo, Brookhaven National Labor

John Hopkins
M. Grant Gross, Chesapeake Bay Institute,

26.

WASTE DISPOSAL

27.

V.
WATER QUALITY Donald J. O'Connor, Robert
Hydroscience, Inc.

28.

AIR QUALITY

29.

Iver Duedall, Harold O'Connors,
THE LOWER BAY COMPLEX
Marine Sciences Research Center, SUNY.

30.

INDUSTRIAL WASTES

31.

MARINE AND COASTAL BIRDS

32.

bud,
nor, Chun Chi Lee, and Merril Eisen
ENVIRONMENTAL HEALTH Joseph M. O'Con
NYU Medical Center.
Institute of Environmental Medicine,

University.

Thomann, and John P.

St. John,

Research Center,
Volker A. Mohnen, Atmospheric Sciences

SUNY.

and Robert Wilson,

i

Manhattan Colleg&2
James A. Mueller and Andrew R. Anderson,

S.
Marshall A. Howe, Roger B. Clapp, and John

Weske, U.S. Fish and Wildlife Service.
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SOME PREVIOUS EFFORTS AT MAPPING OF WATER QUALITY IN EUROPE
H.B.N. Hynes

University of Waterloo
Waterloo, Ontario

Europeans became interested rather early in their flora and fauna, and
collection of butterflies, beetles, wild flowers, etc. was quite an important
This resulted in the
pastime during the eighteenth and nineteenth centuries.
usable by
readily
were
that
manuals
identification
many
publication of
with limited
areas
small
quite
really
were
involved
amateurs, as the countries
became
works
key
sophisticated
quite
many
century
this
Early in
biotas.
na
Sisswasserfau
Deutschlands,
Tierwelt
France,
de
available (e.g. Faune

Deutschlands, Linnean Society Synopses of the British Fauna, and many regional
As a result many folk compiled county lists of one sort or another,
floras).
and this has led to a quite sophisticated modern system of mapping occurrences

on the metric cartographic grid.

Then, during the late nineteenth century, pollution of inland waters
became a public issue, and Kolkwitz and Marsson in Germany evolved their

Saprobiensystem which divided organically polluted waters into four reasonably
This idea had some shortcomings, but the general concept
well defined zones.
caught on, although it was variously modified and changed by different jurisFor instance, in Munich Liebmann and his group of co workers
dictions.
of four Guteklasse that resemble the Saprobiensystem zones
series
defined a
And they and other groups
although they are defined somewhat differently.

began to map water courses showing the four classes.

A similar set of zones

(1973.
is discussed and described for the state of Bade Wurtemberg by Besch
to
began
zones
fish
of
maps
time
same
the
At about
Ann. Hydrobiol 4:1 9).

These were ecological rather than being concerned with water
be produced.
of management
quality, but they show that the idea of mapping for purposes

was quite widespread.

chart pollution and the
During the fifties the British also started to
showing where fish had
map
a
d
Ministry of Agriculture and Fisheries produce

ceased to occur in English and Welsh rivers.

Hynes (1960.

There is a copy of this in

Press).
The biology of polluted waters, Liverpool University

A

Boards (now the River
few years earlier the government had set up the River

waters in their care,
Authorities) to be responsible for the condition of
and the Trent River Board, which was

the one with the largest and perhaps

classification that
the most varied drainage basin, evolved a biological
although not in detail.
somewhat resembled the Saprobiensystem in concept,

.

four class system based on
This led to the development of a mo re general
1958 was applied
chemistry and other factors as well as on biology, which in
and Wales. In
and
Engl
ut
ugho
thro
nel
to 20,000 miles of river and stream chan
but with greater thoroughness and
1970 the whole study was completed again,
(Department of the Env1ronment
this led to the publication of detailed maps

w

ea . Ma

r.
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1971 Report of a River Pollution Survey of England and Wales, H. M. Stationary
Office).

These maps put on record, albeit in only four categories,

the current

state of all the 22,000 or so miles of river.

The report also compared the 1970 results with those of 1958 and showed

that there had been considerable improvement, a fact that was used to show

the taxpayers that they really were getting returns on the millions that had

been spent on pollution abatement.

A similar example is the much publicized

improvement of the Thames through London, which now has some fish after many
decades of complete ecological collapse.

The 1970 survey also showed that there was a fairly good correlation
between the purely biological "Trent" method of biological assessment and
the more general classes, which, because they involve long series of
chemical analyses, are more costly to define.
To my mind the whole

value of this exercise and I am sure of any such

changes can
mapping system, is that it enables one to observe change, and

alert one to try to find out why.

Clearly the European systems are fairly

simple, but they are capable of refinement,
other ecosystems such as the Great Lakes.

and others can be devised for

Already the Europeans are faced with situations analogous to ours in
begun
the Baltic, Irish, Mediterranean and North Seas, and they have already
some biological mapping there for various reasons.

It will not surprise me

are
to see them get into this on a fairly large scale before long, as they

aware that their "Great Lakes" are beginning to become degraded.
But we, in our freshwater situation, actually,

for once, have the edge on

react to
them in that there is much more understanding of how fresh waters
Erie
Lake
in
ia
Hexagen
degradation. Dr. Britt's discovery of the death of
there.
been
sly
previou
raised an alarm, but only because he knew that they had
He had,

in a sense,

begun some mapping.

i
i

Imagine how informative it would

lakes,
be to us now to know when Cladophora really burgeoned in the lower
stonefly
when Gammarus fasciatus first became so abundant and when the last
of work on
emerged from Lake Ontario. We have the whole wealth of a century
le understanding
river pollution to draw upon for things to watch for, probab
of changes, and perhaps,

ideas on how to redress such changes.

the fish begin to show changes things have gone a long way

By the time

at least, that

Great Lakes also.
is true of rivers, and it probably applies to the
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The development of environmental maps is dependent on a sufficient and
adequate data base.
This session of the workshop discussed selected types of
information available for inclusion in environmental maps:
whether the
respective information bases were broad enough; what gaps currently exist in

the data; and what types of maps presently could and could not be constructed.
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AVAILABILITY OF INFORMATION ON THE
DISTRIBUTION OF SPORT AND COMMERCIAL FISHERIES
W. L. Hartman

Great Lakes Fishery Laboratory
U. S. Fish and Wildlife Service
Ann Arbor, Michigan

BACKGROUND
For this particular workshop, we have been asked to describe in general

terms, the types of information available regarding the value and distribu
tions of sport and commercial fisheries in the Great Lakes, and the resources
I represent here the Great Lakes Fishery Laboratory
upon which they depend.
(GLFL) of the U. S.
for the protection,
and their essential
Arbor, the GLFL has

We provide National oversight
Fish and Wildlife Service.
wise use, and enhancement of Great Lakes fishery resources
In addition to our main laboratory in Ann
habitats.
field stations on each of the upper four Great Lakes and

is establishing one on Lake Ontario.

Kg

Our research fleet consists of four

major vessels in the 50-65 foot class with another even larger under construc
and
tion. We continually interact with state and provincial fishery agencies

I
I

the Great Lakes Fishery Commission in planning and executing resource assess
ment activities, exchanging information on the status of fish stocks, and
assisting in the development of new management strategies. The following
information was extracted from various state and federal sources.

I

COIVMERC I AL FI SHER I ES
Lakes by the
The overall magnitude and value of harvests from the Great

In 1973, for example, U.S. commercial

commercial fisheries are Substantial.

de at $9,000,000.
fishermen landed 66,000,000 pounds of fish valued docksi

$10,000,000.
Canadian fishermen landed 47,000,000 pounds valued at

The total

true economic worth
dockside value is generally multiplied by 5x to reflect
ation on pOunds
inform
ed
after processing, shipping, and retail sale. Detail
provided
is
fish
s of
landed and value by lake, by State, and by specie
ies,
Fisher
Lakes
annually in such reports as the sample attached (Great
e).
ies Servic
Annual Summary 1973 -- U. S. National Marine Fisher

from the commercial catchEven more specific information is available
ncial regulatory agencies.
reporting systems developed by State and Provi
ain daily records of their
Commercial fishermen are required by law to maint
ry forms and submit them to
catch and effort, and to complete monthly summa
rcial
Examples of daily report forms for Ohio comme
the appropriate agency.
commer
an
Michig
Lake
by
used
system
fishermen, and the catch location grid
all States,
cial fishermen, are attached. Under an interagency agreement with
Monthly and annual
mitted to the GLFL for processing.
these forms are trans
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the National
data summaries are developed and distributed to State DNR's,
degrees of geographic
Marine Fisheries Service, and other agencies. Varying
es - by lake, state,
resolution of this information exists for mapping purpos
93 square miles).
statistical district, grid section (10 min. x 10 min. or

SPORT FISHERIES
tional fishThe magnitude of harvests from the Great Lakes by the recrea
by State
ed
provid
was
eries is also impressive. The following information
fishery agencies to G. Eck, GLFL.
angling in 1975
Estimated numbers of major Great Lakes fishes taken by

in U.S. waters only are as follows:

LAKE SUPERIOR

LAKE MICHIGAN
Steelhead
Brown trout
Brook trout
Coho
Chinook
Lake trout

545,000
145,000
8,000
740,000
558,000
512,000

TOTAL SALMONIDS

2,508,000

Yellow perch
Smallmouth bass

3,000,000+
200,000+

Steelhead
Brown trout
Brook trout
Coho
Chinook
Lake trout

88,000
31,000
1,000
94,000
22,000
217,000

TOTAL SALMONIDS

453,000

LAKE ERIE

LAKE HURON

(Ohio and Michigan waters only)

Steelhead
Browntrout
Coho
Chinook

78,000
67,000
.79,000
225,000

TOTAL SALMONIDS

449,000

Yellow perch

Yellow perch
Walleye
Smallmouth bass
White bass
Bullhead/catfish

4,600,000
81,000
61,000
1,000,000
548,000

13,500,000

LAKE ST . CLAIR

LAKE ONTARIO

Yellow perch
Walleye
Smallmouth bass

No estimates available
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6,800,000
809,000
400,000

The value of the sport fisheries, based on statistics provided by the

State and Province of Ontario, was estimated by the GLFC for 1975 to be:
U. S. ($225,000,000) and Canadian ($125,000,000) for a Great Lakes total of
350 million dollars.

Some State agencies have developed sport fishing census systems to

determine species taken, size of catch, effort expended, location, etc. This
information is uSed among other things to identify foci of high as well as
Such information could be superimposed upon fishery
low fishing activity.
resource maps to evaluate the geographic extent of fishing pressure on the

resource.

Two census systems in limited use at present are:

(l) angler

However, many
direct-contact censuses, and (2) mail questionnaire surveys.
ion of the
composit
gaps exist in the system of accounting for the size and

Great
extractions by angling from important fishery resources throughout the

Lakes.

of
Such information is essential for evaluation the effectiveness

nce to
fishery management, as well as for identifying areas of great importa
A techGLFC.
A step forward has been taken under the auspices of the
system
census
t
contac
de
lakewi
a
p
develo
to
nical committee has been formed
the
of
utes
attrib
lly,
Hopefu
an.
on the sport fisheries of Lake Michig
recent contact censuses
committee's recommendations and the examples of such

can be extended through
as conducted by Ohio and Ontario in western Lake Erie
out the Great Lakes.

RESOURCE SURVEYS
i
i

the fisheries per se, it
Despite the availability of some information on

fish spawning and nursery areas
is unlikely that important if not critical
Of
by such indirect evidence.
and migration corridors can be delineated

data generated by resource
greatest usefulness to resource mapping will be
and
ntly conducted by governmental, university,

surveys historically and curre
are conducting
State, Provincial, and GLFL fishery agencies
private agencies.
on, abundance, and status of
fish stock surveys to monitor the distributi
Results of
nal and annual basis.
resources on all the Great Lakes on a seaso
l Lake Committee meetings of the Great
these surveys are reported at the annua

y
Some measure of the extent of this interagenc
Lakes Fishery Commission.
Great
the attached map of the
resource survey program may be gained from
fishery research
ion of governmental
Lakes on which is indicated the locat
vessels.
stations and associated major research

resource mapping include fish
Additional sources of information for
arch consultants conducted at specific
stock surveys by academic or private rese
rating plants.
tion of electrical power gene
sites associated with the construc

Because of historically heavy and
In conclusion, a word of caution.
ion of fish habitats, and the invasion
selective fishing, cultural degradat
species as alewives, smelt, and
and astounding proliferation of such exotic
sea lampreys,

t Lakes today only vaguely
the fishery resources in the Grea

her changes can be expected in the
resemble those of a century ago. Furt
towards objectiVes described in
For example, as progress is made
future.
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sport fishermen.

ement, the quality of hypolimnetic
the 1972 International Water Quality Agre
may again reach a tolerable level for
water in the central basin of Lake Erie
If a system of fishery rescurce
supporting coldwater fishes over summer.
, it should not only characterize
mapping is developed out of this workshop
ment historical conditions, and be
the present situation, but should docu
ges in the

accommodate future chan
open ended and sufficiently flexible to
s.
urce
reso
character and distribution of the
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Annual Summary 1973
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In cooperation with the fishery agencies of New York, Pennsylvania, Ohio,
Michigan, Indiana, Illinois, Wisconsin, and Minnesota.

GREAT LAKES FISHERIES
SUMMARY OF UNITED STATES AND CANADIAN LANDINGS, I973
LAKE ONTARIO

SPECIES

uNITED
STATES

I

CANADA

LAKE Em:
I

UNITED
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21
64
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1
.
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4
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,
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FISHERY RESEARCH STATIONS
AND

ASSOCIATED MAJOR RESEARCH VESSELS ON THE GREAT LAKES - 1977

Ashland, Wisconsin, Great Lakes Fishery Laboratory, R/V Siscowet
Bayfield, Wisconsin, Wisconsin DNR, R/V Hack Noyes

Marquette, Michigan, Michigan DNR, R/V Bluefin

Sturgeon Bay, Wisconsin, Wisconsin DNR, R/V Barney Devine

Michigan City, Indiana, Indiana DNR, R/V Oncor

Saugatuck, Michigan, Great Lakes Fishery Laboratory, R/V Cisco

Charlevoix, Michigan, Michigan DNR, R/V Steelhead

R/V Grayling
Cheboygan, Michigan, Great Lakes Fishery Laboratory,

Alpena, Michigan, Michigan DNR, R/V Chinook

South Bay, Ontario, Ontario MNR, R/V Antigamayg

Mount Clemens, Michigan, Michigan DNR, R/V Channel Eat

Wheatley, Ontario, Ontario MNR, R/V Keenosay
Sandusky, Ohio, Ohio DNR, R/V ExElorer

II
Sandusky, Ohio, Great Lakes Fishery Laboratory, R/V Musky

Perca
Erie, Pennsylvania, Pennsylvania Fish Commission, R/V
ush
Namayc
Glenora, Ontario, Ontario MNR, R/V Cottus, R/V
Cape Vincent, New York, New York DEC, R/V Seth Green

18.
19.
20.
21.
22.
23.

Oswego, New York, Great Lakes Fishery Laboratory, R/V Kaho
Ann Arbor, Michigan, Great Lakes Fishery Laboratory,

R/V Dthnia

Thunder Bay, Ontario, Ontario MNR

Saugatuck, Michigan, Michigan DNR, R/V Judy (on loan from FWS)

(on loan from FWS)
Milwaukee, Wisconsin, University of Wisconsin, R/V Salmo
Sault Ste. Marie, Ontario, Ontario MNR
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ONTARIO FISHERIES MANAGEMENT IN RELATION TO THE
CONCEPT OF BIOLOGICAL ALLOCATION
w. J. Christie
Fisheries Research Station
Ontario Ministry of Natural Resources
Picton, Ontario

For added emphasis I would like to present the end of this paper first.

My conclusion is that any scheme which proposes to allocate water use on the
basis of biological values involving fish will not be scientifically sound at
present,

and may prove counter productive in the long run.

My recommendation

is that we encourage fish resource mapping as part of our monitoring efforts,

but that we endeavour to prevent the misuse of the maps.
Mapping has always been important in fishery studies except we did not
call it that.
Even when our objective was to study population size or harvest
rates we needed first to measure range and seasonal distributional changes of
the particular stock.
This will continue, but we are nowadays acutely concerned with community interactions and maps of all the species in the fish

community will be necessary to provide understanding of the changing ecologi~
cal linkages.

So the problem we address with this workshop does not lie with

fishery resource maps per gg, but with their use.

Ecological mapping does not involve assigning values to different areas.

Their chief usefulness in the long run is to indicate shifts in species composition and relative abundance for different areas, through time.
Interpre-

tation of changes will be in terms of further deterioration or, preferably,
in terms of response to management initiatives.

Mapping for the purpose of allocating the water resource on the basis of
biological values, implies that areas of ostensive low value (i.e. few fish?)
represent "slack" in the system. Slack is hard to understand in ecological
terms, because it doesn't allow for coherence of energy and materials flow in
ecosystems.
Further, the ecologist views the role played by the littoral
zone as critical to lake productivity and fears that nearshore damage may

already be excessive in many areas.

From this perspective then, the question

is not one of rationalizing and controlling further pollution, but of reducing

it.

Most fisheries biologists agree that the only really viable approach is

to achieve control of total loadings at essentially contemporary levels, in

our lakes.

Zonation, as discussed by Odum in his 1969 paper, is effectively a
strategy of last resort. There will be many cases where special, rather
complete forms of protection will be called for and there will also be many
zones recognized which are beyond help forever.
In general, however, I
further compromise, and
invites
which
compromise
believe zonation represents
is really a potentially fatal disengagement from the environmental battle.
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argued that the totality of
Odum - obviously much more pessimistic -er, less mature, less stable
simpl
ds
cultural stress pushes ecosystems towar

and yet more productive conditions.

This leaves semi-artificial systems

of lower attractiveness and the
which have lost much of their appeal because
way to

Zonation, in his view was the only
loss of many cherished life forms.
life.
preserve some aspects of the quality of human

fisheries people in Ontario
This sort of thinking has no appeal for many

for the following reasons:

(a)

Resource Loss
Great Lakes and inland
The degradation of fish stocks in the lower

our responsibility to try to
southern Ontario has been severe and it is
able to halt or reverse the
been
That we havenot
recover what we can.
of progress in ecology
rate
past trends, we feel reflects the slow
ation increase.
relative to technological progress and popul

(b)

Community Maturity

lves failing to provide
To follow Odum's direction, we would find ourse
st. The angling
fishing precisely where the demand for it is greate
lived) fish which are
public moreover, wants those low turnover (longthe most sensitive to cultural stress.

We feel moreover,

that these

in the past, and
forms have proven to be effective "miner's canaries"
human health, if
for
ards
safegu
as
should be maintained into the future
for no other reason.

(c)

Community Continuity

class at a time with no
Management which predicts fisheries one year

the stock in quesassurance that any one year class is not the last for
tion,

This however, was the helpless position

is no management at all.

ic and social
in which we found ourselves for many years. The econom
and tourist
shocks which were imposed on the commercial fisheries
We must therefore not only attempt to
industry were extremely severe.
to provide for
re create the needed fisheries, but we must also try
their continuance.

The best way

(and the most economical) we know to do

producing fish community.
this, is to try to re establish a balanced self

(d)

Yield and Productivity

(i.e. high turnover)
The Odum observation that low community maturity
trial systems, but
terres
permits high yield usually seems to be true fOr
for the Great
true
our observation is that it has not been generally

herring, blue pike
In Lake Erie for example, the shift from lake
Lakes.
catch has not appreciand walleye to smelt and perch in the commercial

t a lower degree
ably improved the yield. In some cases this may reflec
portends the
of merchantability for the replacing species, but this
ition degrada
compos
s
specie
ssive
progre
worst possible outcome for the
having no
lakes
the
in
s
biomas
n
tion. This is that we end with a protei
usefulness to mankind at all.
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(e)

Ecosystem Integrity
Odum did not specifically discuss zonation within a lake system, but as
noted earlier there is reason to believe that the incremental destruc

tion of the littoral zone may have exaggerated effects on lake fish
productivity as a whole.
The theoretical aspects of this subject will

be dealt with elsewhere,

so I won't go into further detail.

The conclusion from the foregoing observations was that fisheries had to
move in an aggesssive way towards recovering as much as possible of what has
been lost and to protect that of value which remains.
Our attitude is that
traditional approaches to ecological understanding are not likely to produce
the knowledge we need soon enough, so we espouse the approach called experi
This entails systematically perturbing the systems
mental management.
preferably in the opposite direction to the shocks which we have been
It is
andmeasuring the results.
monotonously recording over the years,
worth noting for the non fisheries audience, that this admission of ignorance
was a hard bullet to bite!

Returning to the question of zonation, I would like to look a little
The most obvious objec
further at its incompatibility with rehabilitation.

tion is that zonation is an irreversible step.

Having given over an area of

littoral zone to some destructive purpose, we will never be able to come
There are
we have discovered we need that area after all.
back and say
however.
several equally important considerations,

The first is that we have no idea of what we have lost in total since

We are not so naive as to suggest that Lake
the first cultural impacts.
Ontario, for example, can be returned to its pristine conditions, but is it

not equally unfair to suggest that reservations of areas of fish spawning

In this extreme
habitat be determined on the basis of present utilization?
in quantity
trout
lake
produced
not
has
lake
the
of
end
example the west
areas prior to
spawning
of
e
knowledg
little
have
we
and
during this century,

that.

Should we therefore only try to restore lake trout to the east end of

the lake where we know some of the major old shoal locations?

We cannot

precisely define spawning site requirements and even if we could, detailed
survey of the north shore will take years of intensive effort.

Multiply this

of great
by the number of important species and it is clear the problem is

magnitude.

.
The magnitude moreover, is no less in other areas of Ontario

s from modern
The second consideration is that one of the chief lesson
to maximize the
vital)
cases
some
in
fish ecology is that it is prudent (and
in contraSt
stands
This
tion.
number of component stocks in any species popula
be managed
could
tion
popula
s
with the earlier, simplistic View that the specie
as a whole, without regard for its components.

This led to insidious and

concept" and since it has
progressive depletion. This is called the "stock
(1976), I won't go into
been recently and eloquently described by Ken Loftus
is that we could not safely
it further here. The point for this context,
trOut
reserve one or two, or even a handful of western Lake Ontario lake
of
edge
knowl
our
if
even
e),
spawning sites (to stay with the same exampl
it is at present.
spawning site requirements was much better than

import
I touched on ecosystem integrity earlier and this may be the most
ecologists
ant yet least understood area of concern. For many years fish
ve
sensiti
most
the
on
efforts
ent
managem
felt that if you concentrated
other
the
,
others)
some
and
ors
predat
top
elements in the ecosystem (i.e.
themafter
look
would
)
species
fish
elements (e.g. economically unimportant
selves.

as it
For unstressed fish communities this approach is not as naive

ting wildly
sounds. For the more typical situation where stocks are oscilla
priate.
inappro
is
it
,
and changes in species dominance are common, however

away from accumulating
Its chief deficiency was that it led us collectively

much, if any of a
precisely the kinds of information which would tell us how
to the quality and
given littoral zone can be sacrificed without serious harm
thoroughly
quantity of fish which a lake can produce. Many fine studies

populations, but in
described the entire life histories of important species
were not adequately
general details of the range and habits of the juveniles

dealt with.

uate
The latter kind of defect was often as much a matter of inadeq
part
lower
The
sts.
biologi
the
technology as of the collective mind-set of
the
in
ies
fisher
ant
import
of the Bay of Quinte, for example, supported no
we
When
alike.
st
past, and was generally ignored by fisherman and biologi

that it is a
learned the technique of mid water trawling however, we learned

Our View
very important nursery for pelagic juvenile white perch and smelt.
his
life
now is that this area must have filled the same role in the early
.
tories of the lake herring and Whitefish while they were still abundant
cally in
Clearly this area would now be designated as very important biologi
areas
like
many
how
idea
no
have
we
and
scheme,
any ostensiveclassification

existed or exist still along the Great Lakes shorelines.

the
It should also be noted that the range of fish, once graduated from
adult
The
s.
fisherie
of
nursery, can't always be measured by the locations
Ontario
Bay of Quinte walleye, for example, made a feeding migration to Lake
each summer, and once there,

they were very hard to catch.

We never did

piece together a coherent migratory pattern, but the accumulated picture of
of
wide distribution of tag recaptures around the shoreline and shoals

classified
eastern Lake Ontario would doubtless require that all such areas be

as important to these wide ranging fish.

The distribution and abundance of food for the fish is an equally importnistic
ant and equally poorly understood subject. Fish are generally opportu
be made.
in food habits, but there are several generalizations which can

Second, there
First, predator and prey must significantly overlap in range.
of fish.
size
lar
particu
any
by
taken
be
is a maximum prey size which can
ease.
with
find
can
they
prey
largest
the
Third, fish generally try to take
productivity.
This last is important in energy conservation and thus in

I have a further example from
rather self evident observations.
small darters and especially small
smelt and alewife after that. The
ages we examined

Lake Ontario which illustrates these
We found that stocked trout preyed on the
sculpins during their age 1 year and added
smelt and alewife never over the range of

(to age 5) were as important to the trout as the sculpins

didn't
during the summers. We concluded that the juvenile smelt and alewife
ely
relativ
were
alewife
adult
enter the range of the young trout, that the
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unavailable during their summer spawning period and that the adult smelt were

also spatially separated in some unknown way.
Thus the teeming abundance of
these exotic forms was of little apparent value to the trout during the growing season and this may have been involved in the comparatively slow growth
0f the trout.
In earlier times the native lake trout filled this apparent
particle size gap by feeding on deepwater ciscoes which are now extinct.

The conclusion from all of this is that it is wise to look carefully at
the so called "forage base", and to be just as concerned for the well being
0f prey species as for the predators.
We know even less about the spatial
requirements of these forms, but it is well to note that (i) many are thought
to be generally fairly sedentary, and (ii) it probably requires both broad
distribution and high abundance to support a large population of predators

because it may take upwards of 5 lbs of prey to produce a pound of predator.

We cannot be sure how trout survival might be affected by (say) extirpa
tion of sculpin stocks over part of the trout range. In some lakes they get
by on zooplankton but it seems a reasonable prediction that breaking the
particle size continuum would affect growth and thus production.

The above is a simple example involving fish not inhabiting the littoral

zone during summer.
The principle of ensuring food of the right size for
each life history stage of fish like walleye is no less valid, however.

The particle size continuum typically begins with zooplankton for the
smallest fish, and here, if anything, an adequate supply of the right sized
food items, at the right time can be extremely critical to survival because

the fish lack the hunting mobility.

Events upstream in coastal currents can

obviously be very important in relation to plankton quality and quantity, but

again, our knowledge of spatial relationships in such matters, is very limited.
Suffice it to say that in our present state of ignorance, the most prudent
course seems to be to assume that any given pollution input to the littoral

zone can create shock waves which will be felt in various detrimental ways
for many miles downstream along the coastline, and more indirectly in the
main basin of the lake.

v I
1

2.. w
,
l
g

107

HISTORIC INFORMATION ON GREAT LAKES FISH
S.H.Sm h
National Marine Fisheries Service
Ann Arbor, Michigan

HISTORIC RECORDS
The history of successive changes in the fish populations and their envir-

onment since the pristine state has probably been better documented for the
Great Lakes than for any comparable bodies of water.

This has happened because

the period of discovery and exploration by Europeans started in the 1600's when
the lakes and their drainage had been little influenced by the native Americans

or by immigrants, and occurred during a period when awareness and curosity about

biology and natural resources was growing rapidly.

Much of the earliest observations of the Great Lakes fish and their environment is contained in the Jesuit documents (Thwaites, 1896).
These were reports

written during 1610 to 1791 by the Jesuit missionaries who worked mostly in the
St. Lawrence drainage, but also explored the northeast Atlantic coast and north
central region of North America.
Other than missionary activities, a primary
interest of the Jesuits was to find and evaluate resources that might be

I

exported to France. Thus, their reports contain many references to natural
resources, including notes on the abundance and habitat of many kinds of fish.
The exploitation of the resources and the settlement of the Great Lakes

drainage increased steadily from the late 1700's and throughout the 1800's.

Descriptions of the resources and events in the early portion of this period

are primarily in the accounts of early settlers (Baillie, 1944; Lark, 1973) and
chroniclers of early history (Anonymous, 1866; Jones, 1851).
The sources are
diverse and they are usually found among the collections of archives and old
books at university and government libraries.
There seems to be no catalog of
these early references, but some who have searched and found them have produced
informative accounts of the natural resources and environmenta1.conditions
during the early period of stresses and change (Hedrick, 1933; Trautman, 1949).

4

Many such records may remain undiscovered and unevaluated for their information
about natural resources. Among those may be early military records which may

;

possibly describe fish and wildlife that were important sources of food for

early outposts.

i
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3

the fish and fisheries became
Books and serial publications describing
travelers
Among the earliest were guides to early
common during the 1800's.
Newspapers contained much
Herbert, 1859).
and recreational fishing (Adams, 1912;
was sometimes quoted in formal
information about the early fisheries which
current location of early papers that
reports (Snell and Smith 1891), but the
ugh some with important fishery
may have been preserved is incomplete, altho

public libraries (Cleveland and
information have been found in university and
s (Forest

A news journal for sportsmen and naturalist
Ohio State University).
t and Stream Publishing Company
and Stream), published by the New York Fores
natural resources and is rich with
between 1873 1930, was devoted entirely to
references to fish and their environment.

the Great Lakes in the
Government fishery agencies became active on
ns of the fish and fisheries.
1800's which resulted in more detailed descriptio

John W.
Among the earliest were Fishery Inspectors

Kerr and Frederic W. Kerr

g 1860 98 that resulted in 18
at Hamilton, Ontario, who produced records durin
The U. S. Commissioner of Fish and
volumes in the Royal Ontario Museum.
Great Lakes fisheries during
Fisheries sent James W. Milner to survey the
ring
of status reports appea
1872-73, which resulted in the first in a series

Commission.
in the subsequent annual reports of the U.S. Fish

The advent of

collection of statistics on
federal surveys also resulted in the systematic
and 1879 in the United
the fish catch which date back to 1867 for Canada

among the government
States (Gallagher and Van Oosten, 1943). Important
ries into the status of the
contributions are occasional comprehensive inqui
Wilmot and Harris, 1892).
fisheries (Rathbun and Wakeham, 1897; Smith, 1892;

l resources were formed in
State commissions concerned with fish and natura
describing the biology, dis
the late 1800's which produced annual reports
Examples are the Michigan
tribution and production of Great Lakes fish.
ies Game and Forest Commission
Fisher
the
State Board of Fish Commissioners, and

ng 1875 and 1895,
of the State of New York which published reports starti

fish and
UndOubtedly, earlier data and descriptions of the
respectively.
ments
govern
local
and
fisheries exist in records of provincial, state,

(Michigan, 1974).

in the natural
The advent of scientific organizations with interests
st among those
resources and fish also started in the late 1800's. Foremo

Great Lakes was the
which chronicled early information on fish of the

g of this society in
American Fisheries Society. The organizational meetin
of the fisheries of
1870 was called partly to discuss the growing problems
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The published Transa
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both the United States and Canada have also contri
the Great Lakes fishery literature over the years.
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Although the historic information on the fish of the Great Lakes and
their environment is voluminous, some is undoubtedly undiscovered or obscure,

and most of it remains unknown or inaccessible to the vast majority of those

who could or should use it.

Thus,

to facilitate the availability and use of

this vast store of material, there is need for a comprehensive catalog of the
records and the publications containing historic information by period and
content.

CHANGES IN FISH AND THEIR ENVIRONMENT
The historic information describes all of the Great Lakes as originally

being clear and cool with many vast marsh areas along their shores. Tribu
taries were described as clear and cold with deep-cut banks. Many springs

and swamps feeding the tributaries caused them to flow full throughout the
year.
There were meadows scattered throughout the drainage, but most of the
area was covered by what was described as dense forest providing cover which
was believed to be the reason that protected snow accumulations often persisted
into late spring.

In the pristine state fish were common throughout the lakes and the
drainage. The shallow areas, bays and marshes were major spawning areas
where the fish were particularly conspicuous when they congregated to spawn.
Also, there were stream spawning races of nearly all of the lake-dwelling
species, some of which migrated to the headwaters of tributaries to spawn.

Changes that affected fish started slowly in the 1700's, but accelerated
rapidly during the 1800's.
Fish first became exploited heavily in bays and
river mouths where they were most accessible.
Marshes were drained to create

farm land and tributaries dammed and polluted by industry, depriving fish of

major portions of their natural spawning area.
Forests were cut and in the
following decades the flow of springs decreased or they went dry, IOWering
summer flows in tributaries, and caused some which had spawning runs of fish
to become intermittent or dry.
Pollution of tributaries were unabated and severe until restrictions were
imposed in the late 1800's.
Heavy pollution of some larger tributaries, con
necting rivers and bays, and the open lakes continued into the 1900's.
By the

mid 1900's the water quality in the entire system below Lake Huron was severely
affected.

The combined effects of intensive exploitation and reduction of spawning

and nursery areas due to dams, and the consequences of forest removal and
Despite the corrective
pollution caused sharp declines in many species.
measures that have taken place to date, including the virtual cessation of

exploitation in many areas, many previously abundant species have failed to
recover and some have become extinct.

Collectively,

the several species of whitefishes once represented the

greatest numbers and pounds of fish in all of the Great Lakes.

Lakes Erie

and
and Ontario are no longer suitable for natural reproduction for them
pike
blue
the
and
salmon,
their close relatives the lake trout and Atlantic

and burbot.
Indeed,

All have now become greatly reduced or extinct in these lakes.

the marine sea lamprey and alewife which had adapted to the Great

Lakes environment and become abundant in the past century have had, or are

most
suspected to have, adverse effects on most of these species, but in
e
instances the influences by these invading species had their full influenc
in
long before the recent declines or extinction of fish which have occurred
g
increasin
sharply
of
period
a
during
decades
few
past
the
the lower lakes in
sea
the
by
d
influence
not
was
which
sculpin
deepwater
The small
enrichment.

lamprey and moderately affected by the alewife has virtually disappeared from
these lakes.

There may have been a compounding adverse influence of the smelt

which was introduced from the Atlantic coast and became very abundant in

of
recent decades, but it cannot be clearly associated with the disappearance

fish in the lower lakes, as the smelt had reached peak abundance in Lakes

Michigan and Huron two decades earlier where there have been no comparable
declines to extinction or near extinction.
These factors have had similar influences in the upper Great Lakes, but
the severe reduction or disappearance of the previously most abundant native
species has only been evident in large rivers and the inner areas of Saginaw

and Green Bays where water quality has changed the most.

Other species have

replaced the native species to varying degrees throughout the Great Lakes,

but these species are generally less desirable or useful than species which

were replaced.

Present fishery management programs and objectives are designed to
The degree of success in restoring
increase stocks of desirable species.
naturally reproducing stocks will depend on the degree to which the former
spawning and nursery areas in bays, tributaries and the shore areas of the
lakes can be again made suitable for reproduction. The marshes which are
now dry land cannot be rebuilt, but wherever the aquatic environment persists,

there is the potential to create favorable conditions for desirable fish which

in turn will reduce the costs and increase the benefits of fishery rehabilitation.
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HISTORICAL FISHERIES INFORMATION-~ITS IMPORTANCE TO
GREAT LAKES REHABILITATION PROGRAMS
R. M. Horrall, Ph.D.
The University of Wisconsin Madison
Madison, Wisconsin

ABSTRACT OF PRESENTATION
Loftus (1976) defines fisheries rehabilitation "as a set of programs
designed to rebuild fish communities and fish stock complexes to, or close
to, former levels of abundance".
If this goal is to be accomplished, in part
or in whole, then historical information relating to the former characteristics
of the fish and of the fisheries needs to be collected, assembled and preserved

before most of it is lost forever.

The more general historical information

on Great Lake's fish and their changes over time has already been brought

together and is now well documented. This is not the case with much of the
specific and more geographically localized historical details of Great Lake's

fishes, especially such things as their former spawning grounds, their different
stocks or races, and their abundance, behavior, distribution and migrations.
Historic information of this type is considered to be crucial in formulating
the priorities and strategies in rehabilitation programs.

A general example is presented which describes the availability of

information on the locations of former (historic) lake trout spawning grounds
The reasons why this historical data is so important
in the Upper Great Lakes.
is outlined, and a specific example is given by describing the lake trout

rehabilitation program on Lake Michigan's mid lake Milwaukee Sheboygan reef
complex.
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AVAILABILITY OF INFORMATION ON ONTARIO WILDLIFE
IN THE GREAT LAKES SYSTEM
D. A. Hagen
Wildlife Branch
Ontario Ministry of Natural Resources
Toronto, Ontario

INTRODUCTION
Only very small areas of the Great Lakes system have been comprehensively
studied as wildlife management units, and then only on respective sides of the

international boundary.
Yet, even today, the system is an exceedingly significant ecological feature for internationally important wildlife.
Despoiling or unaccommodating development of wildlife habitat, or by
products of that development, are having significant, usually intolerable, and
in some cases perhaps irreversible effects on the wildlife resources of at
least two nations.
Under the circumstances, to discuss what we have now in the

way of wildlife resources in the Great Lakes system is to discuss a situation
existing after we have gone too far.
We are hopeful that this workshop will
assist in defining the methodologies necessary to inform people of this fact,

and to indicate to them what might be, with the objective to restore wildlife
habitat.
The following account of wildlife inventories or other information, is

organized on the basis of what is available and complete, what is available
yet incomplete, and what studies are available that are indicative of current
or historic situations.

GENERAL; COMPLETE INVENTORIES PERTAINING TO WILDLIFE
CAPABILITY OF LAND TO PRODUCE WILDLIFE
One of the most complete sets of information that we are able to offer

pertains to the capability of land to produce wildlife.
Capability for wild
life production is defined as wildlife production which could be achieved if

an area of land were managed to produce the most suitable habitat it could
produce for the species considered.

The progenitor of this type of survey in

Canada was the Canada Land Inventory (C.L.I.) which provided ratings for two
broad groups of wildlife, ungulates and waterfowl.

The Ontario Land Inventory (C.L.I.) was a more intensive survey of the
C.L.I. type, and in which ratings Were developed for 13 representative species.
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al degree of effort
In addition, O.L.I. ratings are accompanied by initi

and energy necessary to
ratings, indicating relative amount of time
The basic unit of each survey
provide optimum habitat within each unit.

or patterns) developed
is a land unit (homogeneous in land characteristics

and described by G. A. Hills

(1961)

and Keenan and Hills (1964).

Limitations of this information are as follows:

Of the 13 species

ring animals.
considered, all are waterfowl, game animals, or furbea

With the

inland.
exception of certain marshes, the inventory occurs

WILDLIFE HARVEST

t of wildlife species
Information is available in Ontario on hunter harves
strative boundaries.
on the basis of units described by political or admini
ty, foci of activity
While this is primarily a restricted recreational activi
lesser degree, abundance.
give some indication of game importance, and to a
ted to maps within a reason
conver
be
can
and
Data are available in table form,
able period of time.

GENERAL; INCOMPLETE INVENTORIES PERTAINING TO WILDLIFE
SENSITIVE AREAS PROJECT
be sites which bear
The purpose of this project is to identify and descri
and which are,
ment,
environ
features which are important parts of the natural
and maps of
ss
progre
in
is
t
The projec
or may be sensitive to man's actions.
able
reason
a
within
information on hand may be prepared for specific areas

period of time.

ENDANGERED, RARE, VULNERABLE SPECIES
s available.
Information on the above is mapped by MNR as it become

LANDS REQUIRING PROTECTION FOR MIGRATORY BIRD MANAGEMENT
protection for migra
This national project is to define areas requiring

The report is in initial stages of preparation, and will
tory birdmanagement.
ultimately be provided in atlas form.

HAZARD LAND MAPPING
al character
Hazard lands are defined as those lands which possess physic
life,
human
istics which can result in severe property damage and/or loss of

Due to development restrictions, wildlife receives secondif developed upon.
has
This project is only partially complete and at the moment
ary benefit.

been suspended due to financial constraints.

AND ONTARIO
ENVIRONMENTAL STATEMENT. REGULATION OF LAKES SUPERIOR, ERIE
ENGINEERS, 1974
OF
CORPS
ARMY
PLAN (DESIGNATION) NORTH CENTRAL DIVISION, U.S.
comprehensiveness, but to remind
This work is mentioned, not because of its

concerned state and
you that there was a great deal of input provided by each
province circa 1973.
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In many cases we need not re invent the wheel, but may add current
knowledge to existing summaries.
In this case, the input was important
but the Statement was exclusive of many important Canadian wildlife
situations.

SPECIFIC LOCALITY STUDIES PERTAINING TO WILDLIFE
In recent years in Ontario, studies involving determination of
wildlife values in specific areas which include Great Lakes shorelines,
have numbered in the hundreds.
Recent studies of this nature would be
cognizant of the information presented in our preceding discussion.
However, in examining this information, one should be aware of original
purposes, time constraints, and expertise involved, all of which tend to
limit scope.
At best, these studies provide us with samples of features
along the system, and which are in no way to be considered exclusive of

intervening spaces.

The following are general headings which are indicative of a wide
variety of particulars:

(1)

Recreational Unit Plans

Wildlife Management Unit Plans (Lake St. Lawrence W.M.U., etc.)

eng-

Provincial Park Master Plans
Recreational Reserve Plans (e.g. North Georgian Bay)
- etc.

(2)

Resource Management Plans
- some Conservation Authority Area Plans

Forest Management Plans

3

e.g.

(3)

Integrated Resource Management Area Plans
etc.

Specific Wildlife Studies

e.g.

- migratory bird pathology (C.W.S., M.N.R.)
offshore waterfowl surveys (e.g. M.N.R. southern region)
- lower lakes spring, autumn waterfowl aerial surveys
(C.W.S.
Collins & Chandler, 1974)

- shoreline marsh studies (Maple District, M.N.R.)

etc.

(4)

Private Wildlife Studies/Records
e.g.

University research (e.g. Queen's, eastern Lake Ontario)

Naturalists
Christmas bird bounds since late 1800's,
Lake Erie area, Hunt Club Records, western Lake Erie.

HISTORIC INFORMATION
form of observations
Most relevant historic information would be in the
ation might
inform
ne
of trends from ambient theoretical standards. Baseli
records of hunters and
be provided in only certain localities such as the
and western Lake Erie.
naturalists in the vicinities of major cities

To date,

derive this informathere has been no attempt to search archives in order to
ng what wildlife
Yet we regard such an exercise as a necessity in defini
tion.
and future,
populations should be on the lakes for the benefit of this,
generations.

SUMVIARY
on wildlife is
The most complete information that Ontario has to offer
water resources,
the capability of its land, that is its soils, topography,
occurs in this province
and climate, to produce wildlife. Information on what
species being
today, though incomplete, is disturbing, since we are seeing
eyes.
placed in jeopardy by man's actions before our very

tapped, yet
The historic information on wildlife abundance has yet to be

Areas in which we may make
it is likely to underline today's observations.
d, if indeed they do
define
trade-offs to future development have yet to be
exist.
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AVAILABILITY OF INFORMATION FOR MAPPING
PLANKTON DISTRIBUTIONS IN THE GREAT LAKES
A. Robertson
Great Lakes Environmental Research Laboratory
National Oceanic and Atmospheric Administration

;

Ann Arbor, Michigan

Numerous studies have shown that planktonic organisms can
be valuable

!

indicators of environmental conditions. Beeton (1966, 1969) summarized a
number of situations in the Great Lakes where changes in the types and

abundance of specific plankton species were related to environm
ental change.

Thus, atlases depicting the distribution of specific planktonic taxa or
processes are potentially of substantial assistance to resource managers and

others who make decisions requiring assessment of present or potential envir

onmental quality.

This presentation considers the procedures to be used and the priorities

to be followed in the development of such plankton distribution atlases.

is based primarily on our present knowledge of Great Lakes plankton and

It

specifically considers the following questions in regard to these atlases:
(1)

What time and space scales would be most useful?

(2)

Which planktonic taxa or processes should receive priority
consideration?

(3)

What is the present status with regard to data availability for

producing the high priority atlases?

WHAT TIME AND SPACE SCALES WOULD BE MOST USEFUL?
The time and space scales that are most desirable for plankton distribu

tion atlases depend upon what the primary uses
used to assess the general baseline conditions
entire system, showing average conditions over
If more specific questions concerning only one

will be. If they are to be
in the Lakes, atlases of the
a number of years, are needed.
lake or even some subarea of a

lake are being considered, then atlases depicting the specific area but

showing greater detail than the atlases of the entire system are required.
For example, such detailed presentations could

be used to help locate sites

of great biological importance that should therefore be avoided in the siting
of activities that cause substantial environmental degradation.

With regard to temporal scales, caution needs to be exercised in several
respects.

For one thing, most planktonic organisms undergo very large seasonal

fluctuations in abundance.

Thus, atlases depicting annual average conditions
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/

bution at any
will not often be representative of the distri

time.

one point in

al or even monthly
If such is needed, average distributions on a season

basis will be required.

Lakes have
A second note of caution relates to the fact that the Great
interference in the last
undergone extensive ecological changes due to human
1966). For this reason,
50 to 100 years (Beeton, 1965; Powers and Robertson,
be representative of present
atlases averaging all available past data may not
based only on recent data may
conditions; while on the other hand, atlases

onic distributions would
tell you little about past conditions or what plankt
to conditions more like
d
reduce
be if pollution and nutrient enrichment were

Thus, if the atlases are to be used to
those found under natural conditions.
in environmental conditions,
detect or document long term changes or trends

showing conditions
series must be produced, with each member of the series
over only a limited span of years.

WHICH PLANKTONIC TAXA OR PROCESSES SHOULD RECEIVE PRIORITY
CONSIDERATION?

a great many
It would undoubtedly be useful to produce atlases for
time and money
the
different plankton taxa and processes if we could afford

the maps; however, with
to acquire the appropriate data and to construct
priorities in some fashion.
limited resources it is obviously necessary to set

atlases for the taxa
I propose that initial efforts be devoted to producing

s to have special usefulness
and processes that have been shown by past studie
This should provide the greatest
as indicators of environmental quality.

help to resource managers.

species of
Applying this criterion to the phytoplankton, a number of

come to mind
diatoms (Bacillariophyta) plus the group as a whole immediately
forms as
these
of
use
the
Examples of
as prime candidates for inclusion.
(1975) on
a1.
gt
r
environmental indicators are provided in reports by Stoerme
and Hohn (1969)
Lake Ontario, Stoermer and Yang (1969) on Lake Michigan,
The blue green algae (Cyanophyta), both individual
on western Lake Erie.
have substantial
species and the group as a whole, have also been shown to

value as environmental indicators, for examples see Stoermer g£_§1.
and Ogawa and Carr (1969) and should receive priority attention.

(1975)

s and
In the zooplankton, two groups of microcrustaceans, the copepod
ors in
indicat
mental
environ
as
cladocerans, have received the most attention
by
studies
in
d
provide
are
Examples of their usefulness
the Great Lakes.

Lake
Patalas (1969) and by McNaught, Buzzard, and Levine (1975), both in
species
major
the
of
Ontario, and by Gannon (1974), in Green Bay. A number

be subject
as well as the numbers of total individuals in these groups should
for atlases.
the related
Among the processes, measurements of primary productivity and

on as illustrated
measurements of chlorophyll seem the most promising for inclusi
for Lakes
and
(1973)
der
Vollenwei
and
for Lake Huron by Glooschenko, Moore,
Erie and Ontario by Glooschenko g£_al. (1974).

122

WHAT IS THE PRESENT STATUS WITH REGARD TO DATA
AVAILABILITY FOR PRODUCING THE HIGH PRIORITY
ATLASES?
In the section on time and space scales, several
types of atlases were

discussed.
As each type requires a somewhat different data
base, the various
types will be considered separately as to data availability.

(1)

Atlases for the Entire Great Lakes System Averaged Over
Many Years

As this type of atlas can use any reliable data availab
le on the distri
bution of the taxon or process under consideration, it is the
type for which
we are most likely to have adequate data available.
For a number of the taxa
in the high priority groups and for chlorophyll, there
are new large data

sets available that record concentrations over large areas for substan
tial
periods of time. The data from these various sources could be combined
to
provide overall representations of the distribution of a specific taxon
or of
chlorophyll in the Great Lakes.

In a crude manner I attempted to do this for

the Great Lakes calanoid copepods in a previous paper (Robertson 1966).

In

that study, maps were developed showing each place a species had been
reported
in the Great Lakes, but with no indication of abundance.

It should be noted here that plankton sampling and counting are carried

out by a wide variety of methods.

Probably no one method provided quantita-

tively accurate results for all or even a majority of the species of plankton.

Thus, if distribution atlases are to be constructed using the results from
more than one study, extreme caution must be exercised to identify and take
into account biases in results arising from differences in methodology.

(2)

Atlases Showing Seasonal Trends
A large majority of the plankton samples that have been collected in the

Great Lakes were taken during the warm half of the year. Thus, in a number
of instances, it will be possible to construct a series of distributional
atlases showing the seasonal changes in distribution for the taxon under
consideration during this time.

However,

this will usually not be possible

for the colder period and so only partial portrayal of the seasonal fluctua-

tions will be possible.

(3)

Atlases for One Lake or a Subarea of a Lake Averaged Over Many Years
Recently a number of rather detailed studies covering periods of a few

months to a year or somewhat more have been carried out on the plankton of
specific lakes or major subareas (e.g., McNaught, Buzzard, and Levine, 1975;

Stoermer et al., 1975; Watson and Carpenter, 1974). However, for any one
limited area Ehere are usually only one or two detailed studies available.

Thus, it will usually not be possible to produce atlases of average distri
butions for small areas with the presently available data.
ed

(4)

Atlases of Historical Trends
Although there have

beena number of large studies of plankton distribu-

tion recently, comparable studies for years before about 1960 are not usually
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available.

The lack of these earlier studies makes it impossible, in most

cases, to construct atlases of historical trends over any appreciable period
of time.

CONCLUSIONS AND RECOMMENDATIONS
Atlases of certain aspects of the plankton offer promise as aids for
resource management. Unfortunately, the data needed to produce many of the
atlases that would be useful are not available.

There are, however, certain

aspects, e.g. the concentration of chlorophyll and the abundance of a number
of important species, for which atlases, at least on the scale of the entire
system, can be produced at this time.

It is recommended that a preliminary

effort be initiated to produce such atlases for several of these aspects in
order to allow determination of the feasibility and usefulness of a more
extensive program of environmental mapping involving the plankton.
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BACTERIAL DISTRIBUTIONS IN LAKE SUPERIOR - 1973
S. S. Rao
Applied Research Division
Canada Centre for Inland Waters

Burlington, Ontario

INTRODUCTION
Areas of lakes that are of importance for recreation
al use and fish
production are commonly referred to as "high value areas"
. Mapping of these
areas would contribute towards the proper enviro
nmental management and main
tenance of lakes.

In order to preserve these areas adequate control measure
s are necessary
to restrict and, if possible, eliminate polluted or
enriched sectors of lakes.
It is therefore essential that existing and potent
ial problem areas be
identified and characterized.
Bacterial types and density distributions may
be used to monitor polluted or excessively enriched areas
of lakes.
This report is a summary of Lake Superior bacteriological
data, collected

during 1973 as part of the IJC Upper Lakes Study.

Data were collected to

establish the present baseline bacterial levels for non-pol
luted lake waters

and to identify present and developing problem areas.
from:

In future, it is hoped to monitor these areas for changing conditions
(1)

material input, and

(2)

efforts of possible control measures.

Data summarized reflect the nearshore-offshore distributions of health
orientated bacterial populations (coliforms, fecal coliforms, and fecal streptococci) and aerobic heterotrophs, thus conforming to the specific Canada/ U.S.
Water Quality Objectives in the Great Lakes Water Quality Agreement.

BACTERIOLOGICAL SAMPLING AND PROCEDURES
During the surveys approximately 117 stations

(Figure l) were sampled at

1 m, 10 m and 50 m depth, and a few other stations where additional samples
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FIG.1
LAKE SUPERIOR 1973
INSHORE AND OFFSHORE STATIONS

'

MARATHON

THUNDER BAY 2,: '

ASHLAND
GRAND ISLAND

were obtained at 2 m off the bott
om and analyzed for total coliform
s (MF),
fecal coliforms (MF)

, fecal streptococci (MF) and aerobic
heterotrophic

bacterial populations (20°C, 7
days).
outlined in "Methods for Microbio
logi

Sediments" (Dutka, 1976).

The detailed technical procedures
are
cal Analysis of Waters, Wastewaters
and

BACTERIAL DISTRIBUTIONS
Approximately 100% of the offshore stat
ions sampled were essentially free
from the health orientated bacterial indic
ators traditionally used to determine
potential health hazards (coliforms and
fecal coliforms). However depending

on the month sampled some inshore areas
could be considered degraded and
potentially hazardous to health in compa
rison to the rest of the lake, although

the IJC Objectives were rarely violated.

A significant seasonal trend was observed
in the nearshore areas and
(Figures 2 5) where coliform counts increased
throughout the season and fecal
coliforms and fecal streptococci populations
fluctuated slightly. Aerobic

heterotrophs increased initially but decli
ned following an apparent peak in

July and August.

On a lakewide basis, however, total coliforms
increased less sharply and
by November had dropped to early summer levels
.
Fecal coliforms, fecal streptococcus and aerobic heterotrophic bacterial
population sizes remained
relatively constant.

Horizontal distribution of the bacterial population is illust
rated in
Figure 6 and it is evident that the main body of the lake
is free from detect-

able bacterial contamination.
In coastal areas the bacterial densities were
higher.
These areas could be future problem areas (Table 1).

Having identified the bacterial concentrations in the lake,
attempts were

made to determine the factors influencing the bacterial distrib
ution patterns.

One important factor which appeared to be related
to bacterial distribution was
the temperature, particularly on a lakewide basis (Figure
7a), where bacterial

densities increase from June until September, after which levels
started to
decline. A similar relationship existed in the nearshore areas
of the lake

until the September October period, when heterotroph densiti
es increased

despite the decrease in 4°C temperature in November (Figure 7b).

This increase

of bacteria during the fall winter period may be due to nearshor
e upwelling and

land runoff resulting in higher concentrations of nutrients (Carlucci,
1976).

CONCLUSIONS AND RECOMMENDATIONS
Mapping bacterial distributions in a lake could be valuable in determining

management strategy.

The data provide resource managers with background

information for which a mechanism(s) can be established to restrict these
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FIG. 2

LAKE SUPERIOR 1973
INSHORE STATIONS
ALL DEPTHS

FIG.3

LAKE SUPERIOR 1973
ALL STATIONS
ALL DEPTHS
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TABLE 1

NEARSHORE AREAS IN LAKE SUPERIOR
WHICH HAVE BEEN IDENTIFIED AS
POTENTIAL PROBLEM AREAS

REGION<1>

CONCERN

Marathon

A<2>

8(3)

Thunder Bay(4)

A

B

Jackfish Bay(4)

A

Nippigon Bay(4)

A

B

Duluth Superior

A

B

Bachawana Area

B

Ashland

A

B

(1)

These regions are potential point source study sites.

(2)

Potential health hazards area.

(3)

Potential eutrophication area.

(1+)

Areas where IJC health indicator organisms exceeded
IJC objectives.
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and to
"zones of noncompliance" (to limited areas), to protect nearby waters,
in the
role
their
of
Because
identify research needs in these specific areas.

bacteria in the
assimilation of nutrients in the nearshore areas of the lake,
Each of
em.
nearshore areas are of critical importance to the lake ecosyst

com
these specific areas in the nearshore may differ in their character and

dently to prevent
position and, therefore, it is necessary to treat them indepen

ng the
interaction and consequent loss of higher value areas (areas not violati

present agreement objectives).

However, there may be some gaps which need to

Observations presented here should be considered in relation to
be identified.
order to
the existing biochemical and meteorological conditions in the lake in
establish the "cause effect relationships.

Two types of bacteriological mapping would be of value:

one showing

overall nearshore areas in lakes that are different in character and
composition compared to the offshore waters and the other clearly defining
specific point source areas.
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INTRODUCTION
about
Much has been reported over the past few decades

ecology and influence of CZadophora within the Great Lakes.
said about macrophytes.

the distribution,

The same cannot be

ning
Very little information has been published concer

within the Great
their distribution, even less on their ecology and function

ents and
Although rooted aquatics may be found in sheltered embaym
Lakes system.
lakes.
the
in
t
presen
at
found
be
to
in rivers connecting the lakes, few appear

e report on
Shear and Konasewich (1975) recently edited a comprehensiv
Neil as well
John
by
ed
prepar
CZadophora, that was based primarily on a report

ry 19 21,
as the inputs from a number of attendees at an IJC Februa

1975 work

on Cladophora
shop. This paper will not attempt to provide the indepth summary
scuss the
willdi
Instead we
research that was done in that IJC publication.
other
as
as well
distributions, benefits and problems caused by Cladophora

macrophytes in the Great Lakes.

DISTRIBUTION
the presence of nearshore biota
While numerous taxonomic surveys have noted
1878; Britton, 1940; Burr, 1901;
(Beal, 1905; Beal and Wheeler, 1905; Beardslee,
Cowles, 1901; Dodge, 1911;
Campbell, 1886; Claassen, 1892; Clausen, 1940;
1912; Gleason, 1952;
Farwell, 1925; Fassett, 1940; Fernald, 1950; Gates,
Prescott, 1962; Taft and Taft,
Jennings, 1909; Lyon, 1927; Newberry, 1860;

reports contained little
1971; Vasey, 1870; and Voss, 1967), most of these
information on the extent of growth.

The following is a summary of the

Lakes Basin.
distribution of Cladophora and macrophytes in the Great
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LAKE SUPERIOR
Ward,

discussing the upper Great Lakes in general, commented on the small

numbers of large plants present along the shores (Ward, 1896).

He attributed

this to the constant wave action and the small amount of shallow water within

the lakes (Ward, 1895).

Eddy (1943) found no submerged rooted aquatics along

the Minnesota shore of Lake Superior.

Smith, in 1871, reported finding scattered tufts of CZadophora on the

rock dredged from a depth of 24-27 m in Simmons Harbor on the north shore of

the lake.

He also found "great quantities of the algae within a small harbor

on the south side of St. Ignase Island".

Today, comparatively minor growth

has been reported at Ashland, Wisconsin and Thunder Bay, Ontario (Shear and

Konasewich, 1975).

Small amounts of CZadOphora have been identified from

various rocky sites in the boundary environment of the lake (Adams and Kregear,
1969).
Eddy (1943) commented that boulders located from 1 to 6.1 m deep in

sheltered coves were covered with a heavy ooze of diatoms and ditritus.

small tufts of CZadbphora or Spirogyra were present.

Only

He also reported finding

CZadophora profunda var. Nordstendiana clinging to pebbles dredged from 183 m

depths.

LAKE MICHIGAN

In his examination of Lake Michigan in the late 19th century, Ward comments
on the rarity of mud flats and aquatic vegetation within the lake. He stated
that "the most striking peculiarity was the entire absence of larger plants in
the part of the lake examined". The only areas of rooted aquatics encountered

were beds of Chara in High Island Harbor and aquatic macrophytes in Oyster Bay.
He also reported finding a few threads of Cladophora on rocks brought to the

surface by dredge.

He did, however,

contents of whitefish (Ward,

1896).

frequently find the algae in the stomach

Herbst (1969) indicated that growth of Cladophora in Lake Michigan extends

along the western shore over 150 km from Manitowoc to Kenosha, Wisconsin.
The
Michigan Water Resources Commission (1968) indicated that within the
Michigan

portion of the lake, Spirogyra is a greater problem than CZadophora.

CZadophora

tended to settle to the bottom of the lake while the Spirogyra would remain

suspended and proved to be an annoyance to swimmers in that it stained
bathing
suits.

The western portion of Green Bay forms an indistinct shoreline
and in the

1960's was covered by a broad band of aquatic vegetation extending from
the city

of Green Bay, Wisconsin to Escanaba, Michigan.

Recent high water levels have

greatly diminished the amounts of habitat (Bertrand e£_al., 1975).
In addition,
growth of Cladophora extends in diminishing quantities from the
mouth of the Fox

River, at the southern end of Green Bay,

along the eastern shore of the Bay

.

say. ;.V._I. .\_.._I-....I._:_:-

A .

(Shear and Konasewich, 1975).
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LAKE HURON
The general shoreline of Lake Huron is apparently free of aquatic macrophytes; at least no mention could be found in the literature surveyed.
Reference
is made, however, to the marshy region along the southeast shore of Saginaw Bay
from Bay City to Caseville, Michigan (Shear and Konasewich, 1975).

Cladophora is present in the lake, but in general, not in nuisance amounts.
John Robinson of the Michigan Water Resources Commission reported in Shear and
Konasewich (1975) that little growth was found along the western shore north of
Saginaw Bay.

Within the bay,

extensive growth was present along the northern

and southern shores wherever there was suitable substrate and extended south

along the western shore of the lake itself for an additional 40 km.

Along the

eastern (Canadian) shore moderate to heavy growth occurred near a number of
cities and villages.
LAKE ERIE

In 1778, Carver wrote of his travels a decade earlier along western Lake
Erie.
He described the banks of the islands as being covered with pond lily,
the leaves of which overlayed the water surface for acres (Carver, 1778).
Wild

rice was found at the mouths of the rivers between Sandusky and the Detroit
River (Brown, 1815). Marshes, prevalent along the Maumee River, contained pond
lily and other aquatic plants in such great numbers that they almost blocked

the channel of the river (Sabrevois de Bleaury, 1718; Brown, 1815).

Between the 1870's and 1925 most of the rooted vegetation was essentially
eliminated from the main areas of the lake

(Taft and Kishler,

1973).

In 1935

and 1936 macrophytes could still be found in Put in Bay, Bass Harbor and in

East Harbor on the mainland.
Dense mats grew, protected from the open lake
(Krecker, 1939).
Put in-Bay has shown, however, a continued reduction.
Species
of higher plants within the Bay have been reduced by one half the past century

(Stuckey, 1969).
Pieters (1901) reported finding nine species of Charophytes around the

western islands.
1947).

By the middle 1940's only four species were present (Wood,

Even with an increase in diving around the islands, none were found in

the decade prior to 1968 (Taft and Kishler, 1973).

Davis (1969) reported a decrease in aquatic vegetation within the bays and
King and
He attributed it to carp and increased turbidity.
ponds of the lake.

Hunt (1967) found that vegetation density in a western Lake Erie marsh was
inversely proportioned to the carp population.

Unlike the macrophytes, Cladophora has continued to increase throughout

the lake.

It was first identified from the lake in 1847 (Bailey, 1847 and 1848).

Between 1865 and 1907 there were abundant growths in the area of Bass Island
(Pieters, 1901; Taft and Kishler, 1973).

In recent times, the problem has continued and increased.

A 1970 Inter

national Joint Commission report stated that CZadophora covered 10.4 km
island area of the lake.

overspread 18 kmz.

of the

Taft and Kishler (1973) indicated that the algae

Growth along the southshore of the eastern basin extended

over 90 km2 (Shear and Konasewich, 1975).

There have been increased problems

along the beaches of Ohio, Pennsylvania and New York.
It was estimated that,
within this region, 374 km of shoreline were covered with growth of Cladophora.
On the northern shore, extensive growth was found between Port Dover and Fort

Erie (IJC 1970).

Approximately 20 km2 of CZadbphora grows within the 72 km of

shoreline from Port Maitland to Fort Erie (MOE, 1973).
LAKE ONTARIO

Again, as in the other lakes, macrophytes are restricted to embayments and
harbors. While collecting benthic organisms in Toronto Harbor, Nicholson

mentioned finding luxuriant growth of Chara and Anacharis Canadensis and dense
growth of "weeds of different kinds" (Nicholson, 1873). Tressler and Austin
(1940) mention "weeds" and "weed beds" found in North Pond, South Pond, Sodus

Bay, Irondequioit Bay (by indirect reference) and the Salmon River.
Macrophytes
are still present in these areas and in a number of other harbors and bays around
the lake.

In 1915, Kindle reported finding Cladophora profunda var. Nordstediana
at a depth of 45.7 m in Lake Ontario.
By the late 1950's the problems connected

with the excess growth of CZadophora were severe enough that the Ontario Water
Resources Commission held a series of meetings in an attempt to define
the

extent of the problem and to look toward possible solutions (OWRC, 1959).

Today, Cladophora covers essentially all of the shoreline of the lake

wherever there is suitable substrate.
Results of studies carried out as part of
the International Field Year for the Great Lakes, indicates that
66% of the

shore between Niagara and Rochester, New York are covered with CZadophora.

East of Rochester, 79% of the nearshore zone maintained a
growth (Wezernak
§£_gl., 1974).
On the Canadian shore, there is continuous growth from Hamilto
n
to Toronto.
From Toronto to Presquile Point near Kingston, about one-thi
rd

of the shoreline is covered (IJC, 1970).

Storr and Sweeney (1971) observed that the extent of CZadophora growth
off

Rochester and Oswego was limited by the quantity of light,
particularly the

photoperiod.

They also noted that vegetative growth essentially ceased when
the

water temperature exceeded 25°C.

LAKE ST. CLAIR AND CONNECTING WATERS
Early studies of Lake St. Clair reported that the bottom
was essentially
covered with Chara.
In addition, the waters along the north shore contai
ned

rooted aquatics (Reighard, 1894 and Ward, 1894).
in Anchor Bay; along the north,

channel (Hiltunen, 1971).

Macrophytes are still present

south and east shore; and along the ship

Hiltunen (personal communication) also noted that

extensive beds of Chara still exist within the
lake.
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Campbell (1886) reported finding rooted aquatics throughout the Detroit

Little or no significant changes have occurred in the submerged flora
River.
from 1885 to 1955 either in the species, distribution or abundance (Hunt, 1963).

The Niagara River has had extensive growth of Cladophora for almost a

Day (1882) reported that algae grew everywhere the current was strong.
century.
Beeton (1968) noted extensive accumulations of Cladophora in the vicinity of
Niagara Falls.

The Thousand Islands region of the St. Lawrence River is greatly affected

by large growths of aquatic plants.

CZadOphora does not appear to be a major

problem because of the steep gradients along the river and the extensive growth
of macrophytes (IJC, 1970).

ECONOMIC IMPACT
NEGATIVE

Extensive growth of aquatic macrophytes can be an obstruction to the move-

In addition they can destroy sport fishing areas.
ment of pleasure craft.
Islands region of the St. Lawrence River (IJC,
Th0usand
the
This has occurred in
within embayments and harbors. Trails
found
be
1970). The same problem can
have had to be cut or herbicides used to permit movement of small boats to and

from marinas and docks.

In summer, large masses of Cladophora break away from the substrate and

either accumulate in floating mats or wash ashore. This has resulted in wideSpread problems, especially in the lower lakes and in southern Lake Michigan.

When floating masses wash ashore, the accumulation of the algae and the

subsequent stench caused by decay can result in economic loss to the recreation
industry and to private owners (OWRC, 1959). Parks and other recreation areas
In addition,
Will not be used when the algae has piled up on the beaches.
Labor

people will not return to places where they believe the problem exists.

costs to parks for removal and clean up of beaches can run as high as $2,000 to
over $14,000 annually (Shear and Konasewich, 1975). Lake front real estate

prices can also be affected.

0n the north shore of eastern Lake Erie,

the

presence of CZadophora along a shore can reduce property values by 15 to 20%
v
(Omerod, 1970).
If the algal mats float out into the lake, other problems may arise.

Fish

nets can become fouled by large accumulations (Verduin, 1969). This means the
In addition, fouling
fishermen have to pull and clean their nets more often.
reduces the yield of fish.

Masses of algae can also obstruct intakes of industries and municipalities
Clogged service lines carrying water to the
drawing water from the lakes.
Ontario Hydro nuclear plant at Pickering resulted in a loss of revenue of
This led to the buildapproximately $40,000 each time the lines were plugged.
to solve the
attempt
an
in
unit
exchange
ing of a $2.7 million dollar heat
undesirable
produce
problem (Shear and Konasewich, 1975). CZadophora can also
tastes and odors in drinking water (Neil and Owen, 1964).
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The mats of floating CZadOphora may also break up

or settle to the bottom.

Besides returning nutrients to the lakes, the algae could form a fine sediment
over shoreline and shoal areas.
Christie (1973) feels that the sediment could
effect the overwintering eggs of white fish and lake trout.
BENEFITS

Aquatic macrophytes are known to provide food and shelter for numerous water
fowl, aquatic birds and mammals.
The western shore of Green Bay, for example,
was used by vast herds of water fowl until the high water greatly diminish
ed
the habitats (Bertrand_gt al., 1975).

Numerous bays along the lakes are used as spawning grounds by
bass, wall
eye
and other fish.
Spawning takes place in and around the aquatic vegetation.
As important, the area provides both food and protection
for the larval fish.

For all the problems associated with the growth of CZadophOPa in the
Great
Lakes, there do appear to be several benefits associated with
it as well.

Numerous studies have shown that the Chara, CZadOphora and Petamo
geton concen

trates various radioactive materials present within
the lakes, (Kulokova, 1960;
Williams, 1970; Yaguchi, Nelson and Marshall, 1974;
Yaguchi, Waller and Marshall,

1974).

Gileva (1962) suggested using CZadOphora to remove radioa
ctive metals

from water.
The algae also has been shown to concentrate numero
us other mater
ials including heavy metals (100 to 30,000 times)
and pesticides such as DDT

(Meeks, 1966; Adams and Stone, 1973; and Taft and Kishle
r, 1973). However, such
accumulations of toxicants could be harmful if it increa
ses the quantities of

such materials that enter aquatic food webs

(Sweeney, 1976).

The large growth of CZadOphora, particularly along
rocky and stoney
shorelines of the lakes, can provide food and
shelter for fish and fish food
organisms.
The algal mats have a distinct benthic commu
nity with especially
large numbers of the amphipod, Ghmmarus (Adams
and Kregear, 1969; Boscor and
Judd, 1972; Christie, 1973; Judd and Bosco
r, 1974; and Judd, 1975).
Christie
(1973)

suggests that the large numbers of Gammarus may
have attracted

large
populations of yellow perch.
Perch increased greatly in the eastern outle
t
of Lake Ontario after the collapse of the
Whitefish.
Improved littoral food
supplies may have contributed to the perch
increase.
Additionally, black ducks

and mallards feed extensively on CZadophora, altho
ugh the filaments are little
changed after passi

ng through the digestive tract (Trautman, 1947)
.
It may
be that they are feeding upon the abundant commu
nity of benthic organisms
living among the filaments.

It has been demonstrated that CZadophora extra
cts

have

an adverse impact
on the development of mosquito larvae (Ecke
rt and LaLonde, 1974).
Whether this
could result in a commercially profitable
and ecologically acceptable means of
controll
ing the population of nuisance insec
ts, has yet to be demonstrated.
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Cladophora, Iypha and other attached vegetation also may be of value in

abating wave energy and therefore,

shoreline erosion.

There is some evidence

that increased shoreline erosion occurred shortly after the demise of such flora,

particularly in Lake Erie.
The planting of macrophytes to abate erosion has
been suggested as part of the Great Lakes component of the U.S. Army Corps of
Engineers Shoreline Erosion Demonstration Program.
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THE POTENTIAL FOR MAPPING BOTTOM FAUNA
IN THE GREAT LAKES1
S. C. Mozley
Great Lakes Research Division
University of Michigan
Ann Arbor, Michigan

INTRODUCTION
Among all the ecological parameters which might be mapped in the Great
This is
Lakes, composition of the bottom fauna is one of the most useful.
as
tes
invertebra
these
of
value
ed
demonstrat
the
true both because of

indicators of recent environmental changes in the Great Lakes, and because

recent data are available from nearly all parts of the lakes.

Bottom fauna (also, zoobenthos or benthic macroinvertebrates) are those
In biological surveys, bottom
animals living in or on the bottom of a lake.

fauna are ordinarily captured by a grab sampler and screened from the
In the
surrounding sediments on a sieve with openings about 0.5 mm wide.

Great Lakes most of the data on bottom fauna

refer to four principal groups

amphipods (shrimplike organisms), oligochaetes (aquatic earthworms),
or kinds:
These
sphaeriids (fingernail clams) and chironomids (midgefly larvae).
animals occur throughout the Great Lakes, but the species which compose the
groups and the numbers of animals in a standard plot of bottom (one square

meter) are quite different from place to place (Mozley, 1976).

THE AVAILABLE DATA
mainly based
At least some information about the four major taxa of benthos,

on one shot surveys with a grab sampler and sieve, is available from all the

The most data are listed for Lake Ontario, representing
Great Lakes (Fig. l).
ve studies
six different surveys with lake-wide coverage, plus more intensi
(cited and
Quinte
of
Bay
and
Harbour,
in and near Hamilton Harbour, Toronto
eight
span
studies
lakewide
the
Three of
summarized by Mozley, in press).
species
each
of
es
densiti
the
on
years among them and provide considerable detail

at each station, as do the more localized studies.

The shallows and rocky

only rocky
substrates have been surveyed along the New York shoreline, the
ted extensively.
documen
been
shore area in the Great Lakes for which benthos have

1 Contribution No.

212 of the Great Lakes Research Division, Great Lakes

Marine Waters Center.

Supported in part by a contract between the University

.
of Michigan and the Indiana and Michigan Electric Company
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Figure l.

The approximate extent of each localized
Benthic surveys in the Great Lakes, 1950 1975.
Results of some of the surveys
by a polygon.
indicated
survey (lakewide surveys not shown) is
More than
not appear here.
may
ones
unpublished
shown here have not been published, and some
one survey has been made in some of the polygons.

The next

best studied lake is Huron, where four studies cover most of the

main basin, and three others include large segments of it.

Lake Huron studies

Saginaw Bay
are summarized by the International Joint Commission (in press).
Several
has been the subject of numerous benthic studies of variable extent.
other localities have been sampled to some degree, including the Straits of
Only three among these surveys include
Mackinac, South Bay, and Georgian Bay.
data at the species level.
Nearly all the localized studies, in contrast,
provide information on species.
Lake Michigan is documented by more individual samples taken over a
However, the central areas of the lake were
longer time than any other lake.
sampled at a relatively few stations and the bottom fauna were not sorted to
The largest effort included monthly sampling (April to
the species level.

November) at 35 stations for three years.

Among the results of that study was

a comparison between 1964 data and data from 1930 31 (Robertson and Alley, 1966).
Single visit surveys were also conducted in the early 1950's and early 1960's,

but reports included little taxonomic detail.
The only species data for
the center of the main basin are provided in Hiltunen's (1967) study of

oligochaetes of the southern part of the lake and Howmiller and Beeton's
Many local areas of Lake Michigan have been or are
(1974) midlake samples.
being sampled, including the Straits of Mackinac, Grand Traverse Bay, Green
Bay, the southern end of the lake, and numerous nearshore areas (summarized
All but the earliest of the nearshore
by Mozley and Howmiller, in press).
surveys provide information on species, densities and seasonal fluctuations.

Surprisingly, some of the most spectacular demonstrations of changes in
environmental quality on the basis of benthic data have come from one of
To date, only three studies provide whole
the less well studied lakes, Erie.
1ake coverage, and two of these contain little areal or taxonomic detail

(U.S. Department of the Interior, 1968; Alley and Powers, 1970). Brinkhurst
£5 a1. (1968) illustrated presence/absence patterns for selected taxa through
out

the lake, however,

the Canadian nearshore area has been described in

quantitative detail by Beal and Osmund (1968), and there have been numerous
studies in the heavily impacted western basin (cited by Schelske and Roth,
It was in Lake Erie that the first widely recognized changes in Great
1973).
Lakes benthos were observed (Britt 1955a, 1955b, Wright, 1955).
Lake.

Lake Superior bottom fauna are the least well documented for any Great

Except for the recent Upper Great Lakes Reference Study (Cook, 1976),

The eastern area
there have been only regionally restricted studies there.
really
not
are
which
studies
benthic
small
two
of
has been the object
1970), but
Powers,
and
Alley
1969;
Kreager,
and
(Adams
appropriate for mapping
by
mouths
river
of
studies
on
reports
there have been a number of informal
references
(cf.
embayments
on
the Michigan Water Resources Commission, and

in Cook and Johnson, 1974).
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METHODOLOGICAL LIMITATIONS
The existence of large amounts of benthic data from the Great Lakes does

not necessarily mean that construction of useful and reliable maps of the
Several investigators have shown
populations is straightforward, however.
that the equipment employed in collecting the sediments and screening the
animals can affect all aspects of benthic measurement (reviewed by HOWmiller,
1976).
The Petersen grabs and other less effective devices were used on most
surveys prior to the mid-1960's.
A device which has been employed recently,
the Ponar grab, is better but still less than completely effective

(Flannagan, 1970).
Small changes in sieve mesh openings can change both absolute and
relative estimates of density among the more common taxa. Amphipoda are
generally large enough to be retained on the usual 0.5 mm mesh (note

that U.S.G.S. #30 Sieve has 0.59 mm openings, large enough for young

amphipods to escape), but a substantial fraction of the oligochaetes and
a majority of chironomid larvae are not retained consistently by the
usual sieves.
Even a small decrease in mesh size to 0.35 mm can increase
estimates of total numbers of bottom fauna threefold (Mozley, 1975).

SEASONAL AND MULTIANNUAL VARIATION
Few data exist on temporal instability of bottom fauna in the Great Lakes.
This is largely because considerable time and effort are necessary to convert

benthic field samples into data. There is as yet no technical substitute for
handpicking the animals from tangled masses of algae, detritus and tubes built
by the animals themselves.
This process often takes more than a person day
per grab sample, and simple calculations will readily show that only large teams
of researchers can produce seasonal information for benthos over extensive areas.

Among the few studies which offer multiseasonal coverage, only one is extensive

enough in area to support mapping on a useful scale, the Coherent Area Study by

the University of Michigan (Alley and Mozley, 1975).

Other long term studies

pertain to a single station or transect, or the area immediately surrounding
a power plant.

Therefore, the best that can be done to illustrate seasonal fluctuations of

benthos when maps are constructed is to provide with the map a representative

example of the range of Seasonal variation.

The density of the prevalent

amphipod, Pontoporeia affinis, undergoes seasonal fluctuations which depend

in relative amplitude on the water depth (Fig. 2).

Populations shallower

than 16 m in southeastern Lake Michigan undergo extreme variations from less
than 100 to over 1000 per m2.
Populations over 80 m in southern Lake Michigan
fluctuate very little, and no repetitive seasonal pattern can be observed.
Thus maps of Pontoporeia density would be reasonably accurate for offshore areas,
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of Pontoporeia affinis in four depth
Seasonal fluctuations in population densities
After Alley and Mozley 1975.
Michigan.
intervals over a three year period in Lake

while it
regardless of when the data were collected during the year,
represent
to
w0uld be more appropriate to construct at least two maps

densities before and after reproduction nearshore.

Great
Among all the numerically important groups of bottom fauna in the

density.
Lakes, Chironomidae are most subject to seasonal variations in

In

fact, the apparent species composition can change extensively from season

For example, studies of Lake Ontario in June July and November
to season.
1972, by the same team and largely at the same stations, produced quite
different impressions of the lakewide composition of midge genera (Mozley,
In June July almost 60% of all larvae belonged to Heterotrissocladius
in press).
(Presumably an oligotrophic indicator) and 32% were in the cosmopolitan genus
In November, however, over half of all larvae were Procladius,
Procladius.

Chironomus and cryptochironomus (eutrophic indicators) accounted for 40%,
and Heterotrissocladius larvae contributed only about 4%.

The work of Brinkhurst and co workers (1968) is often cited as a
The
demonstration that chironomids can be used as trophic indicators.

"trophic index

proposed in their report is often misused by researchers

who fail to take note of the need to collect multi seasonal data for large
The effort required to obtain such
numbers of larvae at many locations.
Even with the wide extent of the surveys
data should not be underestimated.
used by Brinkhurst and co workers, a separate survey during the same period
in Lake Ontario (Hiltunen, 1969) added many new species occurrence points
For these reasons, the value of
to the Lake Ontario map (Fig. 3).
limited, and the existing data on this
severely
is
mapping
for
Chironomidae
group can be used only to supplement other information.
Oligochaetes also fluctuate numerically through the year sufficiently so
that the same problems arise in mapping worm densities as do with amphipod
The apparent species
densities (Hiltunen, 1967; Stimpson g£_a1., 1975).
composition of Oligochaetes is far more stable in time than for midges, however.
Brinkhurst (1967) found that a small set of samples from a single data in
Saginaw Bay provided as good a representation of the relative abundances of

the more common species as did a total of about 60 samples taken over the
better part of a year at the same site. This means that the species
occurrence of Oligochaetes can be mapped with little concern for seasonal
variations.

Considered as a whole, the species composition of benthic communities is
also relatively stable through the year.
Johnson and Brinkhurst (1971a) showed

that samples from the Bay of Quinte were as similar from different times of year
as those from successive months, or from the same month in different years for
each of several stations.
Despite wide fluctuations in the densities of most

species through the year, the faunal composition always reflected the same
zonation of benthic habitats. The fact that most benthic animals reproduce
at the same time,

i.e.

early summer,

contributes to compositional similarity.
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Figure 3.

E

t

idae in Lake Ontario as
Distributions of four Chironom

surveys in 1964.
determined by two independent
Hiltunen 1969;
Brinkhurst, g£_gl} 1968; +
o
A

Heterotrissocladius;

B

and, D - Microgsectra.
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Procladius; C - Chironomus;

i

DISTRIBUTION OF MAPPING POTENTIAL
Available data provide us with the capability to map some aspects of benthos
in most of the Great Lakes, but approximate grid dimensions of Such maps would vary
with lake and region and the data base for each map would have to be selected

with care.
Lake Ontario can be mapped at 15 x 40 km with finer resolution in
most bays and harbors or river mouths.
Lake Erie amphipods can be mapped at

perhaps 25 x 25 km, but oligochaetes are better documented (ca. 15 x 15 km), and
the entire bottom fauna can be mapped at 5 x 5 km along the Canadian shore

(assuming access to unpublished data) and in the western basin.
Lake Huron can
be mapped at 20 x 20 km for oligochaete species, but only the western half can

be mapped reliably for amphipods, and then at a lower resolution (International

Joint Commission, in press).
Oligochaete species and other fauna are known on
a 5 x 5 km grid in Saginaw Bay from a 1956 survey.
Recent data permit mapping
only of the outer part of the bay, and on a 10 x 10 km grid.
Lake Michigan
can be mapped for amphipods on a 15 x 80 km grid, with 10 x 10 km resolution
in many nearshore areas and bays.
Parts of Green Bay are known on a 2 x 10
km grid.
Cook (1976) has recently sampled all of Lake Superior on a 14 x
14 km or finer grid, and has constructed maps of the distributions and abun
dances of several taxa.

ENVIRONMENTAL VALUE ASSESSMENT
Several ways have been devised to grade information about bottom fauna
into categories which correspond to different levels of environmental quality
(Howmiller, 1976).
These methods were developed by comparing numbers and kinds
of bottom fauna, either between samples from sites known to have suffered
environmental damage and samples from undisturbed sites, or by sampling at
one site over a period in which change occurred.
Evidence from known
situations
permits assessment of distribution and relative intensity of the effects of
environmental impacts from the distribution and composition of the benthos in
unknown areas.

Benthos distributions have been described in many parts of the Great Lakes
(Cook and Johnson, 1974; Mozley, in press; Mozley and Howmiller, in press), and
several systems have been used in grading the benthos for environmental
assessment.
Distributions of selected taxonomic groups, particularly the

Tubicicidae oligochaetes, have been presented as maps in many regions of the
Great Lakes, both large (Brinkhurst, 35 al., 1968) and small (Brinkhurst, 1970).

These maps display patterns which correspond closely to water flow patterns
around sites from which large amounts of organic wastes are discharged into the
Great Lakes.
For example, the path followed by Fox River water through Green
Bay (Howmiller and Beeton, 1970, 1971), the Saginaw River through Saginaw Bay
(Brinkhurst, 1967; Schneider, Hooper and Beeton, 1969) and the effluent from

Hamilton Harbour into Lake Ontario (Johnson and Matheson, 1968) have been traced

1
:3

aH1
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in distributions of bottom fauna.

The effects of outflow from Saginaw Bay
on benthos of open Lake Huron are

and discharges near Calcite, Michigan,

Maps of the same area at two points

illustrated for two animals in Fig. 4.

in time have also been prepared to show degradation or enlargement of areas
affected by continuing waste discharges (Carr and Hiltunen, 1965; Howmiller
and Beeton, 1970; Great Lakes Basin Commission, 1976).
The uses to which maps of bottom fauna might be put extend beyond the

conventional assessments of levels of pollution or eutrophication, but few

investigators of benthos have ventured to suggest other implications of their
The one outstanding exception to this reticence is found in the
data.
studies of the Bay of Quinte by Johnson and Owen (1971) and Johnson and

Brinkhurst (1971 a, b, c).

They discovered that primary production, second

ary production, organic sedimentation, benthic respiration and the efficiency
with which imported energy was utilized by bottom fauna and associated organ-

isms all varied strongly among the four distinguishable species associations

The lowest trophic efficiency among the
of bottom fauna in or near the bay.
by the one which characterized
displayed
was
communities
g
correspondin

degraded environments (innermost bay area), while the highest efficiency
The highest production rate occurred
occurred in benthos of the open lake.

The authors concluded that extreme
in an intermediate assemblage, however.
was eventually detrimental to
communities
enrichment of Great Lakes benthic
increased secondary
enrichment
of
Moderate amounts
community metabolism.
efficiency.
production, but were associated with lowered trophic

Maximization of secondary production or community efficiency are not

necessarily proper objectives of managing benthic communities, however.
Rather, secondary production must occur in a form usable by higher trophic

levels.

A practical limit to environmental change in the Great Lakes might

be defined in association with densities of amphipods, since these animals

are probably the primary route of energy transfer from benthos to sport and

When amphipod densities
commercial fish (cf. Mozley, in press; Mozley, 1976).
(Mozley and Alley,
Michigan
Lake
southern
in
have
begin to decline, as they
in press; Mozley
Thomas,
and
(Nalepa
1973), east of the Niagara River mouth
that the limits
conclusion
fair
a
be
in press) and other areas, then it would
corresponding
of
regardless
of environmental degradation have been exceeded,
evaluations based on the species composition of oligochaetes.
My own inclination is toward establishing a dual objective in protection

of benthic communities.

First, high densities of Pontoporeia affinis should

be sustained (or restored, if possible)

naturally occurs.

in all areas where this species

Second, the species of oligochaetes should be monitored as

indicators of community health, and when species assemblages characteristic
of mesotrophic habitats give way to eutrophic assemblages, sources of organic
These two parameters also have
matter to that region should be curtailed.

advantages in the relatively greater reliability of published data and the
frequency with which they have been measured in the Great Lakes.

Most areas

are documented for these parameters in some way, but it will be necessary to
conduct new surveys in unknown areas, particularly nearshore. We shall also
have to obtain more detailed information offshore, and in other areas where
existing data cannot fill at least a 20 x 20 km mapping grid, or where
methodological or seasonal factors diminish the usefulness of existing data.
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Figure 4.

Distributions of Chironomus spp. (Chironomidae) and Tubifex tubifex plus corresponding immature
After International Joint Commission, in press.
worms (Tubificidae) in Lake Huron in 1972.
while more densely shaded areas for Chironomus
organisms,
the
Shaded areas denote occurrence of
indicate densities higher than SOO/m2

of maps will require
The compilation of existing data and construction

ch.
personnel who are familiar with Great Lakes benthos resear

Judgements as

taxonomic information will be
to the reliability of numerical estimates and
multiple surveys, and/or to
necessary in order to select the best data from
t in the data used
attach qualifying statements about the limitations inheren

up new maps from
to make each map. Moreover, it will be essential to draw
with original authors
original data, and this will entail direct interaction

In other words, actual construction of
or their successors in many cases.
be treated as a simple
maps from the extensive existing data should not
quickly by drawing together
lished
accomp
be
can
clerical task, nor one which
information from the open literature.
be collected and
Ultimately, many more species of bottom fauna should
environmental value
for
basis
sound
a
identified properly in order to produce

assessment and management.

The uses of oligochaete species and amphipod

simplified warning systems
densities which I have suggested are intended as

more careful analysis
for detecting areas in which rapid regulatory action and
may be needed, rather than as ends in themselves.
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SURFACE SEDIMENTS OF THE GREAT LAKES
R. L. Thomas
Canada Centre for Inland Waters
Burlington, Ontario

ABSTRACT OF PRESENTATION
has been carried
Sampling of the surface of sediments of the Great Lakes
Lake Huron; 1970,
1969,
;
Ontario
1968, Lake
out as per the following schedule:
Bay, North
an
Georgi
r,
Lake St. Clair; 1971, Lake Erie; 1973, Lake Superio
Lake St. Clair.
1975,
Clair;
Channel; 1974, Bay of Quinte, repeat survey Lake St.
discrimination
bottom
for
aken
During all surveys, continuous sounding was undert
sedi
surface
the
compile
which, together with sample descriptions, was used to
sampler
grap
shipek
Samples were taken by
ment distribution in the Great Lakes.

measurement of
and subsamples of the topmost 3 cm were carefully removed after

One subsample was
1.5 cm.
sediment temperature, Eh and pH at a sediment depth of
sand, silt and clay and
maintained wet for textural analysis, including per cent
bution to give mean grain
for moment measure analysis of the sample size distri
The second subsample was freeze
size, standard deviation skewness and kurtosis.
subsample was subsequently
This
y.
recover
dried on board ship immediately after
geochemical analyses.
for
ed
retain
and
sieved (20 mesh) and ground to 100 mesh

an).
The following analyses were performed (exclusive of Lake Michig

(1)

8102, A120 , Fe20 , MgO, CaO, NaZO, K 0, TiOz, P205, MnO
Major elements:
and S by X.R.F. after grinding to 250 mesh and pellefizing.

(2)

Inorganic and Organic Carbon by

(3)

Trace metals:

Leco induction furnace carbon analyzer

Nitrogen by Leco nitrogen
before and after sulphurous acid digestion.
analyzer and total quartz by gravimetric procedures.

Hg, Pb, Cu, Zn, Ni, Co, Cr, Cd, Be, V, Sr, Mo, Ag, U, As,

and Se.

(4) Organo chlorine pesticides and PCBs:

Carried out only on sediments from

the Lower Lakes to date.

compiled and assessed in the
All of the above-noted analyses are currently being
preparation of a final report and for publication.
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WATER MOTION AND TEMPERATURE OF GREAT LAKES WATERS

G. K. Rodgers
Associate Director for Applied Research
Canada Centre for Inland Waters
Burlington, Ontario

ABSTRACT OF PRESENTATION
Data are available
Temperature and current information are reviewed.
, moored
flights
over
from boat and ship surveys, aircraft and satellite
objects.
drift
of
e
instruments and instrumented intakes, and from the releas
reports
y
summar
both
in
The data bank is extensive, and is largely available
media.
sible
proces
and original records entered on a variety of machine
of surface
Major water temperature features include the annual cycle
re, upwelling and
temperature, the seasonal variation of thermal structu
summaries available
Mapped
on.
formati
ice
and
downwelling, internal waves

include the areal distribution and time variability of:

surface water

stratification; bottom
temperatures by month; thermocline depth for months of
al and tabular
graphic
are
there
on
In additi
temperature and ice cover.
depth relation for
ature
temper
the annual pattern of the
summaries such as:

repeated obser
the main body of a lake or its sub-basins; a condensation of

es of the frequency of
vations on lake cross sections; and statistical summari
Modelling of thermal
occurrence of temperatures at specific locations.

e heat exchange and
structure development has been undertaken utilizing surfac

meteorological
Overall percentage ice cover has been related to
wind data.
conditions.

Direct measurements
.
Water motion is reflected in the lake temperatures
Utilizing a variety of data
of flow and mixing are available as well.
the summer season have been
for
ns
patter
drift
sources, the mean surface

charted.

plotted for
The variation of average flows with depth have been

some locations.

their considerable
Data displays for currents must take account of
the local inertial
to
close
ds
perio
variability. Near rotary motions with
can be still for long
s
water
hore
Nears
period are common in mid-lake waters.
ced flows in either
periods, and then demonstrate very strong, storm-indu
sal are ones of high
rever
nt
curre
direction along the shore. The times of
dispersion.

point where it is
For offshore zones, modelling efforts have reached the

n
possible to simulate monthly lake circulatio

(with some experimentation and

,

flow and temperature) with an accept
use of some direct observation of winds,
able degree of confidence.
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Ti

Human contact with the lakes and biological value are concentrated in
For this zone one must still use direct observation.
the nearshore zone.

The observational statistical presentation of data for definition of seasonal

temperature structure, of the width and strength of the coastal current zone,
of the phenomenon of coastal entrapment, and the periods of stagnation or
major current reversals has to be emphasized at this time in defining the
kinetic energy regime, and the dispersive or flushing characteristics of
specific nearshore sites and embayments.
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AVAILABILITY OF INFORMATION ON THE AMBIENT CHEMISTRY
OF THE LAKE ONTARIO NEARSHORE ZONE
J. D. Kinkead
Water Resources Branch
Ontario Ministry of the Environment
Toronto, Ontario

ABSTRACT OF PRESENTATION
waters, harbours and embay
Extensive data on the chemistry of nearshore
io is available from the
ments along the Ontario shoreline of Lake Ontar
Measurements have routinely been made
Ontario Ministry of the Environment.
ion, nutrients, chlorophyll a_and
of dissolved oxygen, hydrogen ion concentrat
d shoreline as well as in
major ions both along the relatively undevelope
Measurements of other parameters
s.
areas directly effected by major waste input
trial SOurces such as steel
used to characterize effluent plumes from indus
Data are collected from
made.
been
mills and petroleum refineries have also
as through conventional
well
as
s
meter
water intakes, in situ recording chemistry
d form,
This information is available in interprete
grab sampling from boats.
as raw data or as data summaries.
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CULTURAL USES - RECREATIONAL, AESTHETIC, HISTORICAL
D. M. Simkin

Ontario Ministry of Natural Resources
Toronto, Ontario

INTRODUCTION
availability of
The purpose of this paper is to inform the workshop of the
These are
.
Ontario
in
two large new outdoor recreation data banks which exist

the ONTARIO RECREATION
the results of the ONTARIO RECREATION SUPPLY INVENTORY and
t and poten
Both of these contain information which will be of interes
SURVEY.
tial use in the exercise which you are here discussing.

RIAL TOURISM AND
Both are products of the Ontario Government's INTERMINISTE
ed to provide the
OUTDOOR RECREATION PLANNING STUDY (TORPS) and were develop

and tourism
complex data bank required to undertake comprehensive recreation

planning in the province.

ONTARIO RECREATION SUPPLY INVENTORY
point in time is
Perhaps the aspect of most potential use to you at this
(ORSI).
the ONTARIO RECREATION SUPPLY INVENTORY
nance of a comprehen
The overall goal of ORSI is the development and mainte
the province, as
within
ces
sive inventory of recreational facilities and resour
resources
and
ties
facili
well as estimates of the opportunities that these
wide variety
a
for
The inventory is designed so that it can be used
provide.
users range
ial
Potent
on.
of applications with varying degrees of sophisticati

e recreation planning
from federal and provincial government agencies to privat
d simulation models to
consultants with needs ranging from highly sophisticate
simple descriptions of facilities.

al source information in
Data are collected by making as much use of centr

files of various government regulatory agencies

for instance:

provincial park

Relations' inventory of ski
inventories, Ministry of Consumer and Commercial
To a
campgrounds, etc.
rcial
lifts, Industry and Tourism's inventory of comme

ory, however, has been achieved
very large extent, the initial complete invent
program using a well trained crew
through a rather large field data collecting
t,
It is our intent to keep the inventory curren
of field data collectors.
con
a
by
d
panie
procedures accom
using as much as possible automatic updating
tinuing but smaller scale field program.
system (Mark IV) containing
The inventory is a computer based record

ty of recreational facilities
relatively detailed information for a wide varie
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is stored permits the
The format in which this information
and resources.
As such, it is not
individual needs.
user to obtain data suited to his
rather, a
be published
will
inventory
anticipated that a final report of the
fic requirements of users familiar with
series of reports dealing with the speci
t.
the system will be the primary form of outpu

CONTENT OF THE DATA BANK

bank, it probably is worthwhile to
To illustrate the content of the data
system.
describe the hierarchical nature of the
I.

istrative Unit.
The first information relates to the Admin
al facilities, is owned by a
This is an area which contains recreation
examples
to be a single entity
single agency or body, and is considered
and
ities
facil
ng
docki
boat
would be a commercial marina containing
containing a beach and picnic
park
ipal
munic
a
or
ities
facil
launching
facilities.
ownership, its size in acres,
For each Administrative Unit the name, the

ed.
and number of Activity Site Agglomerations, is record

Site Agglomeration within
II. Then, information is recorded for each Activity
each Administrative Unit.

consists of a group of one or
An agglomeration is a developed area which
which are in close proximity.
more different types of recreational facilities
an Administrative Unit.
Usually there is only one Site Agglomeration with

nal Parks.
Exceptions will be large Provincial Parks or Natio

es its location - using a
For each agglomeration further description includ
ties, their use, and the
county, township and UTM code, the parking facili

number and type of Activity Sites.

Activity Site which is an area
III. A third questionnaire is filled out for each

lly related to the
containing at least one of a group of facilities genera
same activity

e.g.

a picnic area, a historical site,

docking facilities,

and boat rental.
ics of the facility site,
Descriptions included are the physical characterist
type of cost and memberions,
type of administering agency, period of operat

l public.
ship restrictions on use of the facilities by the genera

jurisdiction and
Two of the key descriptors used in the inventory are

location.

of
Use of these allows the user to select only those facilities

importance to him.

e.g.
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JURISDICTION:

FEDERAL------------ (Parks Canada, Department of Transport)
PROVINCIAL

(Provincial Parks, Ministry of Transportation and
Communications)

REGIONAL

(Conservation Authorities

County Forest)

MUNICIPAL ---------- (City or Borough, Town)
PRIVATE/COMMERCIAL-(Private Clubs run as commercial businesses, commercial

marinas, etc.)

PRIVATE/PRIVATE - -(Non Commercial private facilities - e.g.
clubs - duck hunting clubs)

INSTITUTIONAL

(Youth or Service Club

exclusive golf

YMCA, Boy Scouts, etc.)

Each Administrative Unit is coded according to the County in which it is

For Activity Site Agglomeration, the location is further broken down
located.
coordinate
by township as well as municipality, and geocoded using the UTM grid
mile.
square
1/4
nearest
system so that its location is recorded to the
only
By using the Jurisdiction and Location descriptors, a user can select
and
Kent
in
those Activity Sites in which he was interested, e.g. all marinas
.
Essex Counties on provincially owned land and operated by the province

listing or
For some users of the information available through ORSI, the

and for
description of recreational facilities or resources (of a specific type

For other users, information obtained from the
a specific area) will suffice.
opportunities
inventory must be assessed in terms of the number of recreational

a particular facility provides.

To accomplish this, information from the inven

a series of
tory, as well as other standards and constraints are fed into
that particular
by
d
provide
nities
equations to determine the number of opportu

facility.

These equations are called methodologies.

Two general and common

uses of opportunity calculations are:

(a)
(b)

to accurately carry out comparisons with various estimates of "demand";
turnover
to study the influence of other factors such as season length,
s, that may
rates, institutional constraints, or land ownership pattern
supply.
ional
increase or limit the recreat

particularly those
For many of the more common recreational activities,
have been developed
s
ologie
method
ng,
which the government has a role in providi

to calculate supply in terms of opportunities.

These are included in a document

ted to date called the
containing most of the information which I have presen

ONTARIO RECREATION SUPPLY INVENTORY USERS MANUAL.

FACILITIES DEALT WITH IN THE INVENTORY

Sixteen different Activity Site Questionnaires are used.

They relate to:

PICNIC AREAS
BEACHES
CAMPGROUNDS
MOORING FACILITIES AND BOAT RENTAL
BOAT LAUNCH AND HAULOUT FACILITIES
TRAILS AND AREAS FOR HIKING, CROSS-COUNTRY SKIING,
ALL TERRAIN VEHICLING, AND HORSEBACK RIDING
COMMERCIAL ACCOMMODATION
FISHING/HUNTING/CANOE TRIPPING SERVICES
DESIGNATED FISHING/HUNTING AREAS
FAIRGROUNDS
NATURE TRAILS, EXHIBITS AND VIEWING AREAS
RACETRACKS
VACATION CAMPS
HISTORICAL SITES
GOLF COURSES
DOWNHILL SKI AREAS

ONTARIO GEOGRAPHY INCLUDED IN THE INVENTORY

As of the end of October, all of Ontario south of the French and Mattawa

Rivers, plus Manitoulin Island and a strip along the north channel shoreline
from Sault Ste. Marie to the mouth of the French, has been covered.

LENGTH OF TIME FOR OUTPUT

Once a specific request has been articulated, it is usually possible to

receive a printout within 48-72 hours.

Although We did not anticipate wide use would be made of maps by the most

likely groups of ORSI users, all locations are recorded on a master set of maps
which can be made available for selected users.

ONTARIO RECREATION SURVEY
The second major product of the TORPS program is the ONTARIO RECREATION

SURVEY.

This is a recreation participation Survey based upon the results of

very carefully selected households across the province. For the purpose of
the survey the province was divided into seven major strata. Within five of
these, there was a further stratification into non-large urban - large urban
substrata.

:Q ff'." W;:(r:i" fzSirinEEE.
: t ,

n2»;

Ala-Hr»-

some 10,200 questionnaires completed after personal interview of residents of
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During the course of an interview which, on the average, took a little

over an hour to administer, interviewees were queried on their participation
The questions asked
in recreational activities during the previous year.

What activities? How often? Where? On a home based trip? On an
included
extended trip? What was area of jurisdiction where the last opportunity in
the specified activity was consumed?

Specific questions were asked on some 73 recreational activities.

In

addition, there was a section of the questionnaire which dealt with the inter

viewees' use of free time.

Another section of the survey was designed to attempt to get an idea of

the amount of "latent demand". This was carried out by asking if there were
any activities which the respondents had done in the last 12 months which they

What were the reasons why they did not do as
If so
would like to do more of.
Were there any activities
Another question was
often as they would have liked?
that the respondent did not do in the past year but which he would have liked

to have done and, if so, why didn't he do them?

Preliminary analyses for Southern Ontario indicates a very strong "latent
demand" for angling and that the more common reasons given for not doing the
no opportunities near home, and
activity (or as much as they would like) are:

poor quality of available supply.

A comparison between Southern Ontario and Northern Ontario residents showed
very dramatically that in the South, most angling and hunting was done on an
that is, from a base other than the permanent residence (a
extended use basis;
It is highly likely that this
hunting or fishing camp, etc.).
cottage - resort
is strongly correlated with a lack of supply and/or quality in the South.

Because of the way the survey was designed,

it is possible to state

participation rates by residents of Ontario in the selected activities and

It is
determine differences between residents of various strata in Ontario.
also possible to determine the number of opportunities consumed by supply zone
e.g. county or groups of counties or townships in the various activities.

Two documents on the survey are available:

(a)

ONTARIO RECREATION SURVEY DOCUMENTS;

(b)

ONTARIO RECREATION SURVEY PROGRESS REPORT #2.

By the end of the year, five comprehensive final reports under the general
heading Tourism and Recreation Behaviour of Ontario Residents will be available.
The subject matter of these will include:

i. Geographic Dimensions of Recreational Behaviour in Ontario;
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participation rates by socio-economic groups by
jurisdiction by geographic area, etc.;

ii. Demographic Dimensions

iii. Preferences and Constraints

re activities and destinations preferred for

vacation - weekend and day trips;

iv.

Free Time Use

What people do in free time

amount of free time available

by socio economic group, by stratum, etc.

Travel Dimensions

Main destinations of trips

of travel, type of accommodation.

main activities done, mode

Included also will be a series of trip

length distribution curves for various activities.

In addition, a Users Guide to the Analysis of the ORS will be published for

use by the more sophisticated user of ORS data.

It is our intention to put a copy of the ORS data on computer tape in the

It is hoped that, together with
data banks at Waterloo and York Universities.
data will stimulate increased
these
of
availability
the Documentation Manual, the
Ontario.
of
residents
the
of
research on recreation behaviour

I do hope that some of this data will be of value to you in the work pro
It goes without saying that we
gram to which you are addressing yourselves.

will attempt to make available any data required for any uses which you may
indicate.
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CULTURAL USES - DREDGE 8 FILL
C. C. Cable
Department of the Army, Corps of Engineers
Chicago, Illinois

Considerable information bearing on the selection of dredging and disposal
Group
options has been catalogued in the report of the International Working
d to
submitte
es
Activiti
Dredging
from
n
Pollutio
on the Abatement and Control of
the
from
d
obtaine
be
can
report
the
of
Copies
the two governments in May 1975.
IJC office here in Windsor.

ions and recom
The Working Group, in the course of developing its conclus

Details
mendations, took a look at many aspects of dredging on the Great Lakes.
included
maps
on
on dredging volumes, by location on each lake were displayed
s
in the report. Displays included volumes for navigation dredging and material
mined from the lakes.
included
Information on sediments and maps for Lakes Erie and Ontario were
to pre
used
be
can
which
ion
informat
of
displays
of
in the report as examples

dict the fate of dredged material placed in the lakes.

Correlations were

charac
developed and displayed for bed level energy distribution and sediment
ng
remaini
the
for
needed
are
displays
Similar
teristics for these same lakes.

lakes in the system.

d to
Since dredged material contain chemical constituents which, if release

it is important
the water column, can have a serious impact on water quality;
needed to display
are
Maps
to know the chemical composition of the lake waters.
Many of these concentrations
chemical concentration of important parameters.
seasonal
considerablyseasonally and therefore such maps must reflect the
vary
P 05),
(as
Maps were included in the report for total phosphorus
variations.
Other parameters were obtained for se iments
total mercury and organic carbon.
the overtlying
collected and maps could be developed for these parameters in
material can
dredged
of
l
disposa
d
selecte
of
impact
With these maps,
waters.
be predicted using existing elutriate testing procedures.

is possible
As other speakers have indicated previously, biological mapping

l sites for
and desirable. Again, such maps will be useful in locating disposa
material
dredge
of
impacts
the
predict
can
Laboratory testing
dredged material.
l site.
deposited on benthic communities located in proposed disposa
Fishery resources are of vital concern in the Great Lakes.

Mapping of

areas by
spawning and feeding areas are needed to preclude stressing these
fishery
these
Since many of
either dredging or disposal of dredged material.

parameters are seasonal sensitive,

such maps must be prepared on such a basis.

harbor and
past to avoid known fish runs in
We have scheduled dredging in the
on by
deferral can result in lost producti
rivers feeding into the lakes. This
to using vessels if the channels are
the dredges and can result in delays
be
. It is imperative that coordination
seriously blocked by shoal material
mum
populations as well as provide maxi
forthcoming to avoid damage to fish
the lake waters.
opportunity for navigational usage of

e
nt, environmental mapping of the shor
Moving out of the water for a mome
ent
adjac
land
nt and projected uses of the
line strip is needed to identify prese
sal
dispo
ned
d in confi
Polluted dredged materials are being place
to the lakes.
these confined areas,
of
using
and
ng,
ructi
To assist in planning, const
areas.
We
sensitive areas need to be avoided.
we need to know what environmentally
al
ation
nds are, wildlife habitat, recre
need to know where the productive wetla
ions are important.
areas are located, and aesthetic considerat

tal mapping needs of managers
I think this identified some of the environmen
are already being addressed;
needs
Some
engaged in dredging in the Great Lakes.

applied to display information
others need to be expanded on new techniques
dredged material
I am confident that dredging and disposal of
already acquired.
need to know,
we
r
table manne
can be accomplished in an environmentally accep
can be
atives
that altern
however, when we have an impact on a resource so

evaluated.
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AREAS OF NONCOMPLIANCE

PROBLEM AREAS IN THE GREAT LAKES
D. R. Rosenberger
International Joint Commission
Great Lakes Regional Office
Windsor, Ontario

INTRODUCTION
In 1972, the Governments of Canada and the United States signed the
The intent of the Agreement was to
Great Lakes Water Quality Agreement.

ation
"restore and enhance water quality in the Great Lakes; prevent deterior
to
injury
cause
of water quality on each side of the boundary which would
the
of
n
health and property on the other side; and prevent further pollutio

Great Lakes system".

The Agreement further provides for the establishment of

programs and activities

to achieve these goals.

Specific elements of the Agreement provide for:
l.

the establishment of water quality objectives;

2.

the description of remedial programs designed to achieve the

3.

objectives; and

waters to
a surveillance program to monitor the quality of bOundary

ensure that the objectives are being met.

al
To attain optimal coordination, these programs require a continu
the
to
advisor
al
The Water Quality Board as princip
exchange of dialogue.

ibility.
Commission on Great Lakes water quality, has this respons

s in meeting
In its fourth annual report to the Commission on the progres
ment of Great Lakes
the goals of the Agreement, the Board presented its assess
ed
The assessment was based on information and data obtain
water quality.
ties conducted for
from surveys, investigations and routine monitoring activi
which the water
under
ork
framew
The
tions.
numerous purposes by many institu

ms and
quality was assessed is shown in Figure l as whole lake proble
geographical areas not meeting water quality objectives.

The information

the Water Quality
presented below is derived from the fourth annual report of
Board and its Surveillance Subcommittee.

WHOLE LAKE PROBLEMS
waters
As implied, whole lake problems are those which exist in the open
of the Great Lakes.

.
Anoxia in Lake Erie is an example of a whole lake problem
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FIGURE 1.

GUIDELINES FOR GREAT LAKES WATER QUALITY ASSESSMENT

GREAT LAKES
WATER QUALITY
a

WHOLE LAKE
PROBLEMS

GEOGRAPHICAL AREAS
NOT MEETING
WATER QUALITY OBJECTIVES

MIXING ZONES

PROBLEM AREAS

NATURAL AREAS

EXPLANATION OF TERMS

MIXING ZONES

-

Restricted zones in the vicinity of point source wastewater
discharges within which the specific water quality
objectives shall not apply.

NATURAL AREAS

Areas that do not meet water quality objectives due to
natural conditions.

PROBLEM AREAS

General geographical locations where water quality
objectives and/or standards are not being met. The water
quality in these locations can be improved through
remedial measures.
Problem areas are further classified as:

a)

Short Term Problems.
Where the water quality
parameters identified with the problem can be
improved through short term abatement programs.

b)

Long Term Problems.

or

Where the parameters

identified with the problem are expected to be
improved through long term abatement programs.

These are problems for which technological
and/or legal remedial measures may not be
currently available.
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10,250 km2 or 94
In 1974 the hypolimnetic anoxia of the lake encompassed

percent of the lake's surface area.

In 1975, however, a dramatic reduction

400 km2 (4 percent) was
occurred in the areal extent of the anoxia and only
rate did not significantly
affected (Figure 2). Although the oxygen depletion

established closer to the
increase between the two years, the thermocline
due to an unusually warm
ly
possib
surface in 1975 than in previous years,
available for consumption.
oxygen
more
The larger hypolimnion made
calm spring.
er occurred and
turnov
fall
Before the entire basin experienced anoxia, the
greater area of
much
A
.
replenished the water with a new supply of oxygen
been smaller.
had
hypolimnion
anoxia might have been expected in 1975 if the

Cladophora is a whole lake problem.

It fouls water intakes, contributes

aesthetic characteristics.
to lake anoxia, and possesses rather unpleasant
by lake was reported as:
The primary locations of Cladophora occurrence
(minor)

Lake Superior:

Ashland

Lake Michigan:

Lower Green Bay

Lake Huron:

Saginaw Bay around "thumb" to Harbor Beach

Lake Erie:

Islands area (Western Basin)

Lake Ontario:

Nearshore of Basin

Thunder Bay (minor)

concern to the IJC and its
An additional whole lake problem of special
dOus polluting substances, and
Water Quality Board is that of toxic and hazar
The whole lake contam
fe.
the effects of these materials on fish and wildli

ce programs were as follows:
inants identified by the Board from its surveillan

Lake Ontario:

PCB and Mirex

Lake Erie:

Mercury

Lake Huron:

PCB

Lake Michigan:

PCB

Lake Superior:

PCB, Mercury, asbestiform fibres

ITY OBJECTIVES
GEOGRAPHICAL AREAS NOT MEETING WATER QUAL
identified 63 geographical proIn its fourth annual report, the Board
re 3).

and/or standards (Figu
blem areas not meeting water quality objectives
of these problem areas no
tion
ifica
It should be stressed that in the ident
magnitude of a parameter violaattempt was made to distinguish the relative
fecal coli
tion nor the extent of area it affects.

Thus, the violations of

context as the
forms at the mouth of the Escanaba River appear in the same

cyanide, dissolved iron, phenol,
more extensive problems of ammonia, chlorides,
identified in the Indiana Harbor
oil, and fecal coliform all of which were

I
!

Canal and Inner Harbor Basin.
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Figure 3

by the Surveillance Subcommittee,
A general evaluation of problem areas
1976) are presented below for each of
(IJC Water Quality Board, Appendix B,

the respective Great Lakes.
LAKE SUPERIOR

Heavy metals in the sediments and
Eleven problem areas were reported.
affecting water quality.
taconite tailings are the principal problems
viola-

extent or severity of
Areas of greatest concern because of the
tions were:

biology objectives,
Thunder Bay - Extensive violations of the micro
harbor and the
the occurrence of low oxygen levels in the inner

0

trout continue as problems.
incidence of mercury in large fatty lake

0

0

ve Mining
The discharge of taconite tailings from Reser
Silver Bay
tos
asbes
and
dity
turbi
Company is contributing to an increase in
of
west
south
the area
fibres in Lake Superior, particularly in
Silver Bay.

oxygen, fecal
Duluth Superior Harbor - Standards for dissolved
of nutrients in
Levels
ed.
violat
are
copper
coliforms, phenols and
for the development
the harbor are generally above levels necessary
of algal blooms.

LAKE MICHIGAN
ment as the major
Five problem areas were reported with nutrient enrich
Areas of greatest concern were:
concern.
0

Green Bay

Dissolved oxygen in the vicinity of the Fox River

averages 2.78 mg/l with a minimum value reported as zero.

High

d.
levels of suspended solids and phosphorus are also reporte

PCB

of a
contamination of fish was cited and suggested to be indicative

_

;.: eggyr~ 7.:

.4

whole lake problem.

0

less
Milwaukee Harbor - Dissolved oxygen in the harbor is generally
the
exceeded
samples
m
colifor
fecal
than 3 mg/l. Five of eleven

interim standards of 1000 counts/100 ml.

W
Eight problem areas were reported.
enrichment.

0

The principal concern is nutrient

Areas of greatest concern in Lake Huron were:

Problems include enrichment (excessive nutrients and
Saginaw Bay
phytoplankton levels), presence of PCBs and other organic compounds
in fish, polluted sediments and taste and odor in water supplies.
Because of the short retention time, the bay can be expected to

improve with remedial programs to reduce phosphorus loadings.
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substances, ammonia
St. Mary's River - Unacceptable levels of phenolic
s below Algoma Steel discharges.
and cyanide are found in the receiving water
(lOOO/lOO ml) occur
Coliform counts in excess of Agreement objectives
collector system overflows
downstream of the Sault St. Marie, Ontario,

and below the municipal STP outfall.

LAKE ERIE

nces, bacteria, nutrient
Twenty-four problem areas relating to toxic substa
enrichment and anoxia were reported.
significance in Lake Erie were:

The problem areas of greatest

tives
Fecal and total coliform levels are above objec
Detroit River
Phenols and total
.
in the Detroit, Windsor and Amherstburg areas
iron violations also exist.

Ashtabula River

The primary concern in Ashtabula Harbor is the

industrial complex.
chemical pollution caused by Fields Brook
oxygen and chloride
Dissolved solids, fecal coliform, dissolved
violations have been detected.
Cleveland Area

ded as a
Water quality in Cleveland Harbor is degra

result of the discharge of the Cuyahoga River.

Measurements in the

n, ammonia, dissolved
river indicate problems with dissolved oxyge
and thermal inputs.
solids, zinc, copper, phenols, cyanide

LAKE ONTARIO
nutrient enrichment and bacterial
In the fifteen problem areas reported,
Areas of primary concern
contamination were the primary problems.
included:

Channel and Lower Niagara
Niagara River (Upper Niagara River, Tonawanda
ted
River)

the river have resul
Industrial and municipal discharges in

ion.
in problems of phenol and bacterial contaminat
nt.
evide
also
was
water
the
and discoloration of

Phosphorus loading

le total and fecal coliform
Toronto Harbor and Waterfront - Unacceptab
Overflow from
western beaches.
counts are found in the harbor and along
of contamination.
the interceptor is a principal source

the harbor
Coliform levels along the south shore of
Hamilton Harbor
Decreased oxygen levels result from oxygen
exceed the IJC objective.
and phytoplankton decay.
demand
consuming discharges, sediment oxygen

MAPPING AREAS OF NONCOMPLIANCE
data base maintained within
The foregoing discussion indicates that the
cient to initiate a program
the respective Great Lakes institutions is suffi
a note of caution should be
of mapping areas of noncompliance. However,
181
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d on mapS.
areas of noncompliance are presente
exercised in the manner in which
picture of
iance represent only a partial
By themselves, areas of noncompl
of water
trum
spec
d
They are but one end of broa
Great Lakes water quality.
To
.
rams
prog
eillance
monitoring and surv
quality data collected through
ld be presented
on areas of noncompliance shou
prevent misinterpretation, data
in concert with the entire data base.

e data in Great Lakes environmental
Presentation of areas of noncomplianc
. They can be listed according to the
maps can be formated in several ways
and problem
(i.e. mixing zone, natural area,
type of noncompliance observed
y as a means of identifying those
This type of mapping serves primaril
area).
programs are warranted and as such,
areas in the Great Lakes where remedial
Extensive supportive
regulatory agencies.
is designed to serve the needs of

description and clarification.
text data must accompany these maps for

and configuration of the noncomA second approach is to show the size
of Natural Resources utilizes this
pliance area. The Michigan Department
River
ity characteristics of the Detroit
technique to display the water qual

(Figure 4 and 5).

on a range.

sampling station
Their maps identify the positions of each

any sample at a station,
If an objective value was exceeded for

d
If the mean value of all samples collecte
a square was placed around the dot.
e.
circl
square is enclosed with a
at that station exceeded the objective, the
ng special trends and as a
This type of mapping has the ability of showi
en source discharges and these
result, cause and effect relationships betwe
trends are observed.

a period of
A comparison of the maps produced over

ams on the receiving waters.
years demonstrates the effects of remedial progr
ng seasonal variations in the
However, such maps lack the capability of showi
0.8
a parameter violation
water quality, and the numerical extent of

(e.g.

ug phenol/£ or 8.0 pg phenol/l).

io Ministry of Natural Resources
A third approach is that used by the Ontar

assessing a number of water
and Environment Canada, Water Quality Branch in
lify this
the St. Lawrence River, Figure 6 and 7 exemp

quality parameters in
ion along the
Bar graphs are displayed for each station locat
technique.
ical character
numer
the
aying
displ
of
tage
This approach has the advan
river.
spatial shift from noncompliance
istics of a water quality parameter and the
ghout the course of the river and
to compliance is readily observable throu
y, however, lacks the capacity
displa
This type of
also change through time.
variations.
ty
of showing the aerial extent of water quali

In summary,

within instituthere does appear to be an adequate data base

ate a program of environtional monitoring and surveillance programs to initi
areas of noncompliance.
mental mapping for water quality characteristics of
um of the overall
Mapping these areas should take place within the spectr
Several types of maps could be
water quality characteristics of the lakes.
g program.
produced depending on the intended objectives of the mappin
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THE MAINTENANCE OF ECOSYSTEM INTEGRITY
ON THE GREAT LAKES
R. A. Ryder
Fish and Wildlife Research
Ontario Ministry of Natural Resources
Thunder Bay, Ontario

ABSTRACT OF PRESENTATION
The Great Lakes watershed constitutes but a single sub-system of the

global ecosystem.

As such, it is comprised of sets of interacting state

(matter) and driving (energy) variables constrained by the dimensions of

space, time and diversity.

Homeostasis of the system under natural con

l
ditions is maintained through cybernetic feedback ensuring a perpetua

steady-state with predictable variance and output (e.g. fisheries yield).

variability
As a natural system, the Great Lakes are resilient to abiotic
has
system
This
flux.
raphic
physiog
induced by climatic, hydrologic or

evolved over a geologic time frame such that its contained biota have
ns.
acquired genetic adaptability to both diurnal and annual abiotic variatio
of toxicants,
Cultural stresses on the Great Lakes such as the addition

, have
nutrient loading, shoreline erosion, excessive or inequitable fishing
nce
resilie
the
reduced
resulted in sectorial system modifications which have
of the whole system to natural abiotic stresses.

The Great Lakes as a whole-

system might be considered analogous to a complex organism.

The system

proper functioning
integrity of a vertebrate, for example, would depend on the
Malfunction or
of vital component parts such as the heart, lungs or liver.

organism and
loss of any of these vital organs would cause the death of the

a loss of the system steady state.

The analogous situation in the Great Lakes

nt such as
would occur with the loss of deterioration of a sub-system compone
ate-water interface.
a tributary stream, nearshore zone, embayment or substr

ent trade offs
Consequently, resource allocation based on sub system compon
cannot form a viable basis for management strategy.

Instead,

the emergent

ment techniques
properties of the whole system must be determined, and manage
system within reasonable
devised to maintain the integrity of the natural

cultural constraints.

187

Sf

1%
}
EH
HM
@D
l ASPEIIIS llf EENEIIM IIISBIISSIIIN

This chapter contains selected excerpts and views expressed at an

informal discussion session held on the evening of the second day of the
The intent of the session was to provide the workshop attendees
workshop.
of
the opportunity to express their views and concerns on the concepts
Lakes;
Great
the
for
effort
le
mappingwould be a worthwhi
mapping; whether
.
underway
y
and to describe individual mapping efforts currentl

Selected individuals provided specific comments which reflected the
Their
tenor of the discussion that transpired during this evening session.

Other thoughts which emerged during
verbal edited comments are presented.
s.
the course of discussion are highlighted in edited point summarie
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SELECTED COMMENTS

In reviewing your program, I detect quite a tendency to come up

W. HARAS:

Ontario
with an atlas, a process I went through in producing the Canada
usual single
the
not
is
atlas
The
summer.
this
ed
publish
coastal zone atlas,
soon as it is
edition which becomes dated and loses its effectiveness as
form so that it
eaf
loose-l
in
hed
publis
was
Instead, this atlas
published.
static portions
the
for
sheets
Thus
d.
require
can be updated every year or as
areas
dynamic
for
sheets
the
while
same,
of the coastal zone will remain the
new
Any
date.
to
up
always
is
that
The result is an atlas
can be replaced.
be
could
ed
produc
have
we
atlas
The
atlases could be based on this premise.

with its scale of
used as a base for constructing other Great Lakes maps

and cross sections every one
l/l0,000 mosaics at the peak 1973 water levels
nmental
With this base, I think we can add any other enviro
half mile.

parameters that you are considering.
discuss,

It is a thought for you to toss around,

accept or throw out.

F. JENKINS:

atlas.
You might be interested in our plans for an IFYGL

About

, we decided that since there
two years ago, in the U.S. IFYGL Project Office

zing IFYGL data and the
was a lot of work being done in collecting and analy
rent places and in many
results were going to be published in many diffe
ry in atlas form which would
different forms, perhaps there should be a summa

ries and people wanting to use IFYGL
be available for resource managers, libra
.
As a result, we decided to publish an atlas
data as background information.
oceano

BOMEX program (Barbados
I don't know if many of you are aware of the
s of
experiment) but they also published a serie

graphic and meteorological
be somewhat along the same
The result of that study and ours will
atlases.
line.

some text explaining the data
The IFYGL atlas will have chapters with
logical,

data.
collection systems and the nature of the

There will be limno

contained in the atlas, which will
hydrological and meteorological data
rs and also information on the vari
include monthly means of various paramete
The atlas will have a chapter
and space.
ability of these parameters in time

monthly mean maps and histograms of
on the surface air temperature including
there will be monthly maps of the
the lake average temperature. In addition,
r surface and

the air and the wate
mean temperature difference between
maps
A chapter will contain monthly mean
n.
histograms of the hourly variatio
g wind maps.
ction frequency maps, and resultin
of surface wind speed, wind dire
rrence of
s will indicate frequency of occu
Histograms of the lake average wind
dity and

wind speed.

ion on surface humi
Other chapters will include informat
parameters

ter on upper air
Gene Rasmussen is preparing a chap
precipitation.
, and
icle profiles of temperature, wind
showing a time plot of the vert
red with radars.
cove
well
pretty

we had the lake
humidity. Many of you know that
from the
ve the precipitation over the lake
The studies were conducted to deri
will
e
Ther
with the basin surrounding it.
radar and comparisons were made
rmation
info
ological
Hydr
ation during the year.
also be something on the radi
the winter of 1972 73.
ng
duri
r
cove
flow and ice
includes water levels, stream

l9l

.h_____-

;
2
\

We will have a map showing time progression of the ice cover and compare this
We will also show
with normal ice progression and ice thickness measurement.

water temperature profiles of the surface,

5, 15 and 30 meter depths.

currents will be monthly with maps for the surface and 15 meters.

Lake

Tables

will show the lake average monthly currents speeds for 6 depths.

The timing on this publication at present is somewhat vague.

We are behind

our original schedule and I can appreciate some of the comments made earlier

about encouraging authors to give priority to an atlas type of presentation.
However, a number of the chapters on surface and atmospheric parameters are
nearing completion and we will be pushing the authors soon for the lake

parameters.

I recall
My experience has been with citizen participation.
E. STEBBINS:
data.
ental
environm
better
had
have
to
one occasion when we would have liked
nuclear
a
of
siting
the
on
process
We were involved in adjudicatory hearing
We found that in the environmental impact process, the applicant
power plant.

submitted his voluminous reports to the Atomic Energy Commission for review.
The Atomic Energy Commission subsequently produced an environmental impact

t sub
statement based not on any independent data, but on data the applican
The idea that some editing may have been done by the applicants
mitted.
before they submitted their report did not make us partiCularly happy.
Indeed, in this case, we certainly would have liked to have had better
independent data.

The siting of the plant was to be in the western basin of Lake Erie - the
and the plant would have been discharging heated water
nursery of Lake Erie

into four to six feet of water a quarter mile from fish spawning grounds.
The applicants'original report showed that their proposed once through

cooling system would cause absolutely no harm. Only after pressure from the
federal government indicating that once through coolingprobably would not
meet the thermal standards, did the utility company turn around and decide to

The president of the local electric utility company
put in a cooling tower.
still in 1976, gives speeches saying that electrical bills are so high because
they were forced to put in this cooling tower.
An extensive amount of data was submitted in the impact assessment report

which described the present environmental characteristics of the discharge
If we would really like the lakes cleaned up, we do not want to

site.

continue to depend on the data we have now of the existing conditions but
should also be gathering data on the historical characteristics of the lakes.
Whatever choices we make should not go just for the gathering of adequate
data but that it also goes towards somehow enhancing or restoring the lake.
I can see a change now in the new proposed water quality objectives for the
IJC.

In the non degradation clause they are proposing that the countries

also recognize and provide for the potential for enhancement.

This proposal

to enhance water quality is what I have always been hoping for.

There are three activities of the Office of Biological Services
H. TAIT:
which I want to mention: one in which I am immediately involved and two
others.
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underwayby the U.S. Fish
An inventory of the national wetlands is currently
is a massive effort
Inventory
Wetlands
National
The
and Wildlife Service.
of the wetlands of
all
map
and
classify
will
which
long term and expensive
and we are in
available
is
system
ation
The wetlands classific
the nation.
The pilot
the process of tooling up in our various regions for this task.
the next
perhaps
take
will
The project
effort is now underway in Florida.

three years to complete.

John Montenary, who some of you might know, is

heading this up with offices in St. Petersburg, Florida.

the colonially
I also want to mention that we have just completed a survey of

The bird
nesting birds of the U.S. waters of the Great Lakes this season.
Michigan
survey was completed this summer under contract with Northwestern

College in Traverse City.

Bill Sharf did this study.

We hope to have bird

near future.
distribution maps and narrative accounts published in the

The

of spoil
Corp of Engineers which has quite an interest in the utilization

and is helping fund the
areas by nesting birds is cooperating on the project
work.

ical character
Finally for environmental mapping, there are what we call ecolog
terizations
charac
ical
ecolog
These
izations that my team is involved with.
ation in
inform
l
nmenta
may be described as a synthesis of the available enviro
information,
ent
pertin
er
togeth
a structured way. We are not only trying to pull
fe and their habitat, but
particularly that which relates to fish and wildli
For
ses that take place.
we are trying to describe the ecological proces
are and
flows
where the energy
example, we want to know what drives a system,
only
not
will
As a result, a characterization
what the trophic levels are.

nt features of the area
be an inventory, but it will also describe the salie
from an ecosystem point of view.
mation;
Initially we are drawing on existing infor

thus,

it is spotty in some

as the coastal areas of
areas of the coast and very good in others, such
Each of these studies
able.
Georgia, where a lot of information is avail
ally; this will help us
initi
involves conceptual modelling of the ecosystems
cts that will come out
produ
the
decide what additional data to gather. Among
of this are environmental atlases.

We don't know what shape they are going

heavily on graphics and a lot of
to take yet, but obviously they will rely
In addition,
ter generated.
For cost reasons, many of them will be compu
color.
that wasvused,
ts on the methodology
there will be conceptual models, repor

d on tape.
and there will be data banks probably store

rizing many of the coastal areas that
We have a long range plan of characte
So far, there are fOur areas
Service.
are important to the Fish and Wildlife
n area of southwestern
Our pilot area is the Chenier Plai
under development.
odology.
e we are trying to develop our meth
Louisiana and southeastern Texas wher
by
about six months old, is being done
The Chenier Plain project, which is
a State

. working closely with Louisian
Energy Resources Inc. of Cambridge Mass
The other areas that are just
space in Ann Arbor.

University and Bendix Aero
and
Island Carolinian Coast of Georgia
about to be initiated are the Sea
Cape
from
t
hwes
Nort
e, and the Pacific
South Carolina, the Coast of Main
Puget

on and Washington but not including
Mendocino, California through Oreg
last couple of days, I think we
After what I have been hearing the
Sound.
area in the Great Lakes also.
should be looking at a candidate
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We have a responsibility that relates to the Outer Continental Shelf Oil and
Gas Program. Many of our refuges and many of the critters that we are con
cerned about, are potentially in jeopardy. We think that as a first order of
business,

it's common sense to pull together what is already available and

make it handy for those people who are making decisions about the areas to be
leased and places where facilities will be built, where the pipe lines will
Naturally, we are going to learn that we do not have a lot of
be set, etc.

information for some areas, and this will lead us to follow up field studies

in the second phase.

We think that each of these studies are going to cost us about half a million
dollars, as in the case of the Chenier Plain, and take about two years to
After listening to some of the discussions the last couple of
complete.
days, I think that we may not have adequately planned for all of the publica-

tion, cartography and other expenses. The contractors are going to deliver
us camera ready copy but we all know what it means to get from that point to
the final printing.

We are also trying to get some uniformity in approach.

There are questions about how the habitat mapping will be done.
In the
Chenier Plain we are using LANDSAT information and Bendix MDAS (Multispectoral
Data Analysis System).

We are also concerned about a uniform approach in

handling and storing the data derived from these studies and there ought to
be some consistency in the modelling efforts.
The atlases themselves should

be standardized.
So we have a lot of bugs to work out of this program which
will be with us over the next couple of years.
As I said earlier, I think we
ought to seriously look at one of the major bays, or one of the Great Lakes,

as a possible candidate when we are further along with this and know better

how to do it.
B. H. MILLEST:
Maybe I can raise some of the questions that are on my mind.
During these sessions, I thought we were going to come to grips with some
appreciation of environmental values, and my personal interest in this was
to find something that would help us in applying water quality objectives
that we are in the process of formulating.
Perhaps I should explain what
disturbs me about the water quality objectives.

Most of my professional background before I came into the federal service was
in industrial pollution control. It is a very difficult thing to convince
industrial people with

very large enterprises that we, in fact, have something

worth protecting in the face of what they are trying to do.

So it bothers me

that we tend to select environmental water quality objectives that are very

restrictive without any evident regard to the cost of either achieving or not
achieving them.
Even with the technology of today, it is almost certain to
most of us that the sanitary engineer and the pollution control engineer

cannot meet our objectives without considering the cost of pollution control

to the polluter, whoever he may be.
But I think we still have to forge
ahead, so with reservation I worry about it.

The first thing we have to do once we have established the water quality
objectives is to take a very comprehensive look at existing environmental
quality or water quality to see if indeed the objectives are being met in the
body of water we are talking about. If they are not, then we have to be able
to tell whether or not it is possible to achieve the quality we are after.
194

be able to meet the
Natural water conditions being what they are, we may not

objectives that we ourselves have set.

We have gone about setting these

literature
objectives by looking at desirable or required uses, digging into
We
use.
to
going
are
we
es
and establishing from the criteria the objectiv

are not sure at the outset that the natural system meets the objectives.

We

should be optimistic that some day we can start managing the environment to

achieve the objectives of natural water conditions, if we can understand what
Then we have to decide if it is technically possible to meet the
natural is.
Everything is technically possible, I
objectives at pollution sources.
suppose,

since you

canshut off some taps if you have to; but in all reason

ableness, we have to control pollution with applicable technology and it is a
very difficult thing to shut off the pollution source by just ceasing an
It is technically possible, but it may be for an unacceptable
enterprise.
price.
The next question I ask myself, is it really feasible from the point of View
of total enterprise in our country to control the pollution or the source of
pollution? When this question is raised, I can always see the wheels of the
In
industrial manager turning and he is thinking of these relative values.
many
very
the 27 or 28 years of my professional career, I haven't seen
environmental battles won when we let ourselves get drawn into economic

But, this is what industry lives by and we
considerations with industry.
with another set of values that we can make
someway
industry
have to match
stick. I don't know how this is going to be done, but I feel that we must
continue to try.

This is what I thought we were going to talk abOut as "environmental values".

ns,
It worries me that we keep on losing the battles of the mining operatio
n,
situatio
the
of
s
economic
the
of
because
pulp and paper mills and what not,

so I think we have a major job in getting a handle on this value system by
taking this issue more intelligently to the public. I think it's for that
reason that I am interested in the hearings that the IJC are holding this

I think we need to seriously present
year on the water quality objectives.
about.
the people with a better knowledge of what this value system is all
we
because
ent
It is not enough to say that we must have a nice clean environm

all want that.

We have to get down to some dollars and cents and compare our

economic or environmental values too,

even if we have to develop a new,

comparative value system.

on one of the
D. RAPPORT: I will attempt to give you some of my perspectives
and that is
critical questions that has been raised here during this meeting

value
the question of the significance or the meaning of environmental
ecology for
and
cs
economi
of
ce
interfa
the
at
worked
mapping. As one who has
ng the
fosteri
in
ted
interes
much
very
been
I've
the past six or seven years,
there
think
I
nes.
discipli
two
these
transfer of models and concepts between

,
i

1

these discipline
are a lot of areas where useful transfers of thinking across

boundaries have

beenmade and will be made in the future.

of
People have wanted to transfer across these boundaries, namely the concept
Value which is very central to economic thinking and the concept of various
aggregated indices.

I feel this is extremely inappropriate, and I will try

to give my reasons for taking this position.
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What I am going to suggest is

1

1
I

tor
thinking about environmental moni
that we delete the term "value " from our
on
mati
sfor
tran
the
ng
tori
state an d moni
ing and deal simply with mapping the
I will come to this later.
of ecological systems.
various reasons attempted to manu
There are a lot of people who have, for
ng for a great

well being accounti
facture aggregated indices of ecological
different users of ecosystems.
to
est
number of different facets of inter
indices of a totality of aesthetic
They have gone so far as to construct
productivity of the system, its
qualities of the system, the biological
One of the ways of doing this is
.
potential for various uses, and so forth
one of

I was quite shocked recently to find
to put everything into dollars.
advocating this kind of an
the very respectable ecologists, Eugene Odum,
all the differ-

to consider
He claimed that it is a valid exercise
approach.
its value in dollars.
of
in terms
ent uses and attributes of a salt marsh

I

gated indices is the selec
think basic to all of these attempts to get aggre
things that

In other words, you can't add
tion of weights to the components.
The weights
them a certain weight.
aren't in the same units unless you give
ing that
anyth
,
index
decideto include in the
also come in terms of what you

a weight of zero in the
is not included in the index is given implicitly
effect relationships.
absence of a verified model of underlying cause and
on what the weight
The problem with weights is that there is no agreement
and when you weigh
should be. Weights in a sense relate to personal values

Some people have
your values.
something on these explicit terms, you give it
using the best experts,
attempted to get around this by the Delphi process,
of a system.
ents
compon
ent
and seeing how they would weigh the differ
judgement placed
value
a
have
you
Nevertheless, it amounts to the same thing,

mix arbitrary
on the importance of these different components. When you
you get a
system,
a
of
state
weights value judgements with hard data on the
very unexpected emergent property,

that is, you get no information whatsoever.

be put into
I am very much concerned that a lot of good information which can

incorporate certain
ecological maps is essentially obfuscated trying also to
with just nothing.
kinds of implicit or explicit value weightings to come up

Environmental Quality
Let me give you an example that appeared in a Council on
This report looked at air pollution indices and
report several years back.

over a
examined ten U.S. cities for air pollution on a time series running

Using three different accepted air pollution indices, in
three year period.
air pollution
5 out of 10 cities, there was no agreement among the different

pollution
indices as to which year was lowest or highest in terms of the total
n
pollutio
air
t
differen
for the same location. The reason being that the
things
weighted
they
that
indices incorporated different things which means
By deciding what to include and what not to include, the differ
differently.
ent indices gave different items weights of zero and they also combined those

different items in different ways, with different importance values.

Now if you can get such an arbitrary result by doing that, then it is obvious
that the "value" of this kind of exercise is reduced to zero. I think it is
obvious to all of us that the reason why this kind of approach has ever been
proposed is that it's a kind of approach which is pragmatic; it turns out a
number which very much is to the liking of technocrats; and it is something

everybody can grab a hold of and condense in a highly simplistic way.

This

methodology lures people into a false state that they have some knowledge of

the system all condensed into some magic numbers which show the quality of
the system.
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an, get rid of ideas in
What I suggest we do is simply knock down that strawm
good, bad, adequate,
the environment data such as quality ratings, (i.e.
a false sense of knowledge
critical areas). All of these things give one
will be made
I think that ultimately such value judgements
about the system.

state of the system, and system
when people examine your mapping data, on the
m is for the better or
syste
Let them decide whether the
transformation.
foist on them in some
Don't
worse for their particular uses and purposes.

sort of pseudo scientific terms, "values" mixed up

in your data.

are the alternatives if we do
Now some people might raise the question what
or water quality indices?
not use these nice handy aggregated indices of value
of meaSures of the well being
I think the alternatives are to think in terms

of ecosystems.

Think in terms of ecosystem concepts or indicators

be they

metabolism, be they measures
critical species, be they measures of ecosystem
Think in
productivity measure.
of ecosystem processes, as might be a primary
dynamic systems and preterms of a constellation of things that characterize
tionist terms, but preferrably
ferrably in both holistic terms as well as reduc

I think you will have a
.
at least with a good amount of attention to holism
of things that you want
much more sound scientific base for doing the kinds
to do.

EXCERPTS 0F DISCUSSION
PURPOSES OF ENVIRONMENTAL MAPS

a

0

for in order to
We must clearly define what the maps will be used

demonstrate what should go on the maps,
and to gain the support of Governments.

to demonstrate their usefulness,

Great Lakes resources and
There is an urgent need for inventorying

ded navigation season in
parameters to evaluate the effects of the exten

and as an aid in coastal zone
the Great Lakes and water level controls;
.
oring
management and contaminant monit
0

When determin
permit process.
Maps are needed to aid in the regulatory
for point
zones
g
mixin
of
ion
gurat
ing effluent limitations and the confi

source dischargers, we
impacted.

must have some idea of the value of the area

We do not have such information now.

a

maps to aid the IJC in communicat
We need information in a format such as

0

define the stresses that
We need to know what is left of the lakes and
ilita

ing to the public.
can be minimized.

m rehab
We need a program which emphasizes syste

and what stresses are being
tion. To achieve this, we must know where
applied to the lakes.

0

have fish in the lakes
At the present rate of degradation, we may not

much longer.

critical need,
Mapping for rehabilitation purposes is a

e on up to
and the Research Advisory Board should transmit this messag
the IJC and Governments.
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o

on
The value of the maps will become apparent after the second generati
system
the
of maps are produced when we will be able to see a change in
It can only be at this point that the public
for the better or worse.
will be concerned.

CONTENTS OF MAPS

c

We should strive to put a priority on what items are to be included
on maps.

0

Two considerations that should be addressed in the mapping effort: what
needs to be mapped (focus on the natural systems); and what ecological
conditions are important to evaluate (focus on the stress systems).

a

The information contained in the maps must be presented in terminology
that is understandable to the public.

0

Mapping should identify the base line of what the system is currently
Mapping of the lakes' potential should
and what it was historically.
also be considered.

0

The persons constructing the maps should guard against the possibility

.___._._.

5*.-

Wmm
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5. A .

o

strive
It seems almost everyone here agrees on mapping and we should
first for rehabilitation.

of false intepretations of the presented data.

For example,

the anoxic

area of Lake Erie in 1975 was vastly reduced from that of previous years

but this did not necessarily mean that a significant improvement in

water quality was achieved.
a

0

The maps should display systems and system stresses.

They are essentially

transects of systems in time or "snapshots-in time".

Some parameters which should be included in maps may not be readily

recognized as important and can result in a "so what syndrome".

For

example, circulation patterns show what types of materials are likely to
wash up on public beaches.

0

A pilot area such as Lake Ontario should be selected to determine what
kinds of information can be included on the maps and what the information

gaps are.
PUBLIC AWARENESS
c

We should address the mapping effort to the public to increase their

0

The public may not be able to give the final decision as to the use of
the lakes.
For example in the New York Bight, citizens w0uld probably
opt to continue polluting in lieu of increased costs of sewage handling.

awareness of the environment, for the public will have to make the
decisions for the use of the environment.
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and will not be attained
True public awareness is difficult to achieve
to teach the younger
tial
An education process is essen
overnight.

0

generation "what clean water is and means".

VALUE

m over the years. Early Great
There has been a change in our value syste
es. Navigation was the
Lakes fishermen stacked sturgeon on the beach
primary value of the lakes.

0

should
Environmental mapping of the Great Lakes

0

Value is relative.

0

of our society, and therefore,
Resource economics are important, a part

of the lakes.
present information on the characteristics

should be addressed.

If
untability of costs.
In many areas of society there are no acco
the
ask
not
d
lakes are important, industry shoul

0

rehabilitation of the
question of

resource value

(i.e. what

is the

cost of

fish?).

s is necessary before a value can
An agreement on management objective

a

be placed on an area of the lake.

DATA AVAILABILITY AND USE
0

of data to assess changes in the
Previous IJC reports point to a lack

0

s data already available, however
There is a great deal of Great Lake
to be

o

ity in time of some parameters
The maps should account for the variabil
tions.

0

There must

0

ld go hand in hand. Maps can not
Mapping, monitoring and modelling shou
mes available. With the three,
be constructed as frequently as data beco
temporal changes

Great Lakes.

ratories and would need
those data are segmented among many labo
integrated.
such as plankton.

varia
Sediment may be an exception to such

will be maintained
be assurance that the monitoring efforts

over time.

rmine the spatial and
it would be possible to readily dete

of the system.
0

only selected parameters. They
Current surveillance efforts describe
They do not define the
ussed.
cannot be used for all purposes disc
l spawning grounds).
potential of the system, (i.e. potentia

DISCUSSION CONCLUSION
rt and need for
It is apparent there is a great deal of suppo
ROBERTSON:
sition to the
Since no one here has expressed oppo
environmental maps.
step is to recommend the preparation
general concept, I feel that the next
Governments.
and use of such maps to the IJC and
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SIIMMMIY & IIIINIIIIISIIIN
drawn from each of the workshop
This chapter summarizes the conclusions
further actions with regards to
sections and presents recommendations for
workshop
It is an expression of the views of the
environmental mapping.
rs
Five of the six Steering Committee Membe
Steering Committee members.
the
of
The views
ry and conclusions.
agreed on a joint report of the summa
the chapter.
sixth member are presented at the end of
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SUMMARY REPORT ON THE WORKSHOP ON
ENVIRONMENTAL MAPPING OF THE GREAT LAKES
erolf,
A. Robertson, W. Brungs, C. Fett
R. Millest and N. Watson

CONCEPTS AND APPLICATIONS OF MAPS

man have
ordinated and unplanned acts of
For over two centuries the unco
some cases to gross
a variety of stresses and in
subjected the Great Lakes to
al diversity over

degradation.

ecologic
This has resulted in reduction of

ystem has
so severe that the original ecos
large areas or even alterations
coexists
man
as
long
As
less desirable one.
been entirely replaced with a
its
all
ging
mana
and
onsible for planning
with the Great Lakes, he is resp
system
rent
inhe
the
of

for an understanding
uses. This responsibility calls
those
ent today but, as far as possible,
and resources, not just those pres
that existed in the past.

that
maps can be the coordinated effort
The development of environmental
erve
cons
ble plan to rehabilitate and/or
leads to a reasonable and responsi
Those responsible for
t Lakes ecosystem.
the essential elements of the Grea
to avoid mistakes that
however design them
the generation of these maps must
the maps.
tually defeat the purpose of
could lead to misuse and even

planning.
could be more hazardous than no
Misuse of the environmental maps
e resources should
of important and irreplaceabl
The graphical presentation
ling, commercial
dril
,
r areas for dredging
not be construed as freeing othe
on resources must
data
Historic

of the lakes.
fishing, or other direct use
ity and productivity
demonstrate the potential qual
be included in these maps to
be carefully evaluated

of the Great Lakes.

Uses of non-degraded areas must

urces.
ervation of the present reso
to ensure conservation or pres

represent
raphic distribution and as such
Environmental maps stress geog
comfor
"snapshots"

They are essentially
static pictures at given times.
maries of gradients.
parison to other times or sum

PING
CONCEPTS OF ENVIRONMENTAL MAP
elop adequate
tions are necessary to dev
Several important considera
following con
The
use.
less of their eventual
environmental maps, regard
d misuse or
avoi
to
r of priority, are crucial
siderations, not in any orde
s:
misinterpretation of the map

1.

maps
of maps are needed. Detailed
Two distinctly different kinds
entific
sci
or
cal
essary for most techni
with assorted overlays are nec
are
s
map
ed
liz
decisions. More genera
work resulting in managerial
ons and public use.
necessary for public relati
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Maps describing past environmental conditions are necessary when
considering reversibility and rehabilitation and when calculating

rates of change (generally degradative in nature) that can be
extrapolated to predict future trends.

The natural ecosystem characteristics must be documented but the
These stresses should
cultural stresses must be included also.
include those related to both point and non point sources.
Item #3 will probably require mapping of most of the watershed to

document the cultural stresses adequately.

Mapping must be coordinated with monitoring and modelling programs
because of their mutual dependence.

The development of maps must be done from both an holistic and a
reductionalistic perspective, i.e. both interrelationships and
specifics are necessary.
The principal functions of the systems need to be described to
avoid misuse from unwarranted simplifications.

Significant seasonal variability is an important consideration.

The data sources need to be identified for those who need greater
detail than the maps provide.
APPLICATIONS OF ENVIRONMENTAL MAPS

There are three general groups of users for environmental maps, planners

and decision makers,

scientists,

and the general public.

The most common

broad objectives of these users are:
1.

Impact minimization (e.g. site selection, waste treatment controls,
load limitations, dredging operations, mixing zone determinations,
preparation of environmental impact statements).

Rehabilitation (e.g. the historic changes and future projections
will provide guidelines for rehabilitation of excessively degraded
areas).
Conservation and preservation (e.g. development of sanctuaries,

protection of fish stocks).

Resource management (e.g. renewable resources could be better
defined and managed for optimum sustained yield, water supplies and
recreational facilities would be better protected, wetlands could
be better defined and protected).
Development of increased support for good management decisions
(e.g.

the public will be better informed concerning the environment

and why certain actions are proposed).
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PREVIOUS MAPPING EFFORTS
eake Bay, the New
Previous major environmental mapping efforts on Chesap
of Great
rivers
the
Mexico,
of
York Bight, the coastal area of the Gulf

planning maps
Britain, and the Environment Protection Service's contingency
in other
efforts
lty
specia
minor
of the Lower Great Lakes, as well as several
what has been
areas were reviewed in light of the following questions:
ile; and what
worthwh
mapped; why were the maps developed; were the efforts

mapping effort is
approach should be followed if a Great Lakes environmental

begun.

WHAT HAS BEEN MAPPED?

g degree, the funda
Depending on purpose, the maps displayed, in varyin
and man's uses of the resource.
mental characteristics of the system, processes,
commercially and recreation
Specific subjects for maps included distribution of
habitat and topography (both
ally important species and harvesting efforts;
al, chemical, and biological
shoreline and benthic); function of habitat; physic
al development and
qualities and processes; shoreline processes; cultur

in the environment.
activities; hydrological and energy processes; and trends

WHY WERE THE MAPS DEVELOPED?
l maps was to display
The compelling reason for developing environmenta
d situations on an area wide
simultaneously two or more concurrent or relate

perceived by managers.
basis so that alternatives and implications could be
to

their efforts could be used
The developers of the maps soon realized that
At that point mapping took two directions;
address issues, matters in dispute.
public purposes.
internal for technical purposes and external for

focus on those issues
Environmental maps for external purposes usually

ers and managers wish to
of importance to the public or issues that plann
to the public, they are
ant
import
are
If iSSues
bring to public attention.
process is vital to the
important politically, and, because the political

is a closed circle of
welfare of management and regulatory agencies, there
onmental maps discussed
envir
the
by
interdependence. Public issues addressed
water
aesthetic fouling of beaches; swimming
during the workshop included:
surges and river flooding;
quality; beach and shoreline erosion; storm

ed fish and shellfish;
fishless rivers; grossly polluted water; contaminat
of fish and fishing;
ty
abili
recreational opportunities and access; avail
of habitat; industrial and
overcrowding and conflicting uses; protection
cultural development;

and overall planning.

a wider variety of parameters
Environmental maps for internal use included
public. The system can be
in greater detail than those prepared for the
function leading to better
revealed in an holistic manner with emphasis on
and decision makers. Such
understanding among interdisciplinary sciences
complementary to overall
understanding should result in cooperative decisions
management objectives.
internal agency uses
Besides being an aid for decision making, other
involve:
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1.

Identifying concurrent or conflicting water uses;

2.

Selecting management objectives;

3.

Preparing environmental impact statements leading to impact
minimization;

4.

Designing research and surveillance;

5.

Understanding of trends through time;

6.

Identifying habitats which must be protected, preserved or
restored;

7.

Future planning.

A very simple quote from one participant sums

mental maps, "So mankind can avoid gross errors".

up the purpose of environ-

WERE THE EFFORTS WORTHWHILE?

The maps were used extensively when any internal decisions involving the
waterbody were being made by management agencies. The maps themselves served
as the basis of debate and influenced acceptance or rejection of ideas.

The maps prepared for external use, those that addressed public issues,
were extremely valuable to the welfare of the resource and the responsible

agencies.

While raising the environmental consciousness of the public, the

maps were a solution to the problem of explaining environmental concepts and
the issues to lay people and scientists alike.
Maps facilitated the trans
mission of factual information, communicated the interrelationships of factors
in the system, and linked environmental science to the personal interests and

concerns of the public.

Caring is something one acquires through exposure and understanding.

sense of belonging is not legislated or commanded, it seeps into your being
as one becomes a part of things.
Environmental maps have created an under-

A

standing and a sense of caring in the public. A feeling that "this is my
resource", "my lake", "my bay" has been developed. Historical environmental

maps compared with those of today could show the public what they have lost
compared with what
theyhave today, and what
theycould have in the future.
Such displays can build a constituency for a waterbody, a public which speaks
for their resources.

WHAT APPROACH SHOULD BE FOLLOWED IF A GREAT LAKES ENVIRONMENTAL MAPPING
EFFORT IS BEGUN?

Major guidelines which the participants agreed upon include:
1.

Clearly define the purpose of the exercise before selecting the
issues to be addressed and the parameters to be included;
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2.

ental
Emphasize basics that explain the system and the fundam

3.

and for which the
Choose a pilot waterbody which is approachable
most desired data are available;

4.

display of
Initial efforts should be limited to the compilation and

relationships among cultural,
characteristics;

physical, chemical and biological

information
data already gathered, rather than collecting new
may be required.
ters
parame
ent
differ
recognizing that with experience

5.

concurrently;
Prepare historical and contemporary displays

6.

sed simultaneously;
Time the project so that all segments are relea

7.

ied profes
Assign responsibility to a small team of highly qualif
cartographer;
sionals, which includes an excellent, imaginative artist

l
8.

9.

importance with the
The text accompanying the displays is of equal
on of data,
Caveats on currency of information, interpretati
maps.
expressed clearly to
and explanation of what is not known should be
guard against misuse of maps;

y cooperation,
Because the project staff will need full agenc
the highest adminisby
sed
expres
be
commitment to the project must
waterbody to be
the
nding
trator of the resource agencies surrou

mapped.

AVAILABILITY OF INFORMATION
During this session presentations were

made on the availability of the

environment. It was concluded
information needed to map various aspects of the
allow the development of
that information is presently available that will
However, for many aspects of
maps of a number of aspects of the environment.
special interest for resource management,

there is not presently enough data

available to produce useful maps.

could be most valuable for
Maps showing both past and present conditions

tions are available,
However, even where data on present condi
many needs.
not obtainable. Those factors for
information on the past situation is often

maps of past conditions
which it would be possible to produce meaningful
important fish species;
distributions of human population and of some
include:
and processes; and a few
changes in land use, and shoreline modifications
water quality parameters.

:

could be based are in
Large sets of data upon which environmental maps
cted environmental
condu
have
that
the archives of a number of organizations
ms in obtaining
proble
Nonetheless, there are
studies on the Great Lakes.
in obtaining the
access to some of these data sets and larger difficulties
l maps based on these
trained personnel and the funds to develop environmenta
data.
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All publications of environmental maps should contain a well written

text that includes discussion of the methods used, the reliability of the
data and where they are archived as well as an interpretation of the maps.

The mapping efforts should take into account the variability in the property

under consideration. This can take the form of series of maps showing
changes due to seasonal, annual, or other fluctuations but should also
include indications in the accompanying text or on the maps themselves of the

variance of the measurements used to construct the maps.

Any environmental

maps that are produced will probably be incomplete due to lack of adequate
information for certain times and places and will also become outdated as
conditions change.

Thus,

they should clearly indicate the areas of inadequate

information and should be updated as new information becomes available.

There was general agreement during the session that the data exist to
produce maps of certain important environmental properties and that
such maps

could meet some of the needs that were expressed during the workshop
.
Taking
into consideration data availability and potential utility, the
following

types of maps were identified as high priority for inclusion in an environ
ment

mapping effort on the Great Lakes:

1.

Species distribution and relative abundance of important fish
species including past conditions where possible.

2.

Distribution of reproduction and nursery grounds of important
fish also including past conditions where possible.

The past and present distribution of land use and populat
ion within
the Great Lakes Basin.

Past and present locations and amounts of municipal and indust
rial

discharges within the Great Lakes Basin.

Distribution and intensity of various environmenta
l stresses within
the Great Lakes.
Distribution and relative abundance of ecologically
important

species and of species that are indicators of environmental
quality.

Distribution and relative abundance of species of
lake dependent
wildlife.

Distribution of areas that are suitable for certain potential
uses.
Location of potable water intakes.

CONCLUSIONS AND RECOMMENDATIONS
One of the major goals of the Grea
t Lakes Water Quality Agreement is
to
restore and enhance the water qual
ity of the Great Lakes.
It
is
the
resp
onsibility of the International Joint Comm
ission to make recommendations to the
governments of the United States and
Canada on measures to achieve this goal.
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hop that environmental mapping
There was general agreement during this works
In a more general context, it
holds significant promise in this endeavour.
promising technique to aid in
was also recognized that such mapping is a very
ions, in informing and
the formulation of sound resource management decis
on and protection of waters,
involving the public concerning the conservati

status.
and in advancing our scientific knowledge of their

on the deliberations of
The Steering Committee of the workshop, based
icial uses for Great Lakes
the workshop; and in recognition of the benef
recommends:

c

strate their recogni
that the Governments of Canada and the U.S. demon
Great Lakes by
tion of the utility of environmental mapping of the

a cooperative mapping
assuming the responsibility for developing

program;

0

soon as feasible;
that such a mapping program be initiated as

0

maps of the distribution
that this program commence by developing

0

ses for a limited
of a number of environmental properties and stres
io;
Ontar
Lake
subarea of the Great Lakes system, e.g.

d as part of the
and that the effort be organized and coordinate

of the Great Lakes Water
existing IJC structure for implementation

Quality Agreement.
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A COMMENT ON THE WORKSHOP ON ENVIRONMENTAL VALUE MAPPING

W. J. Christie

Since my first exposure to the subject of environmental value mapping

last March, I have been faced with a single persisting difficulty.

Namely,

several colleagues took the view that the benefits of mapping were established
and that ongoing discussions should be principally concerned with what to

This attitude carried through the shaping of the
map, and how to map.
workshop program and only last minute arrangements permitted any generalized
discussion of the precepts of mapping in the program.

These discussions

revealed the concerns of a majority of fishery and some water quality

personnel which I felt deserved explicit attention in the workshop report.
This change in the terms of reference was not approved by other members of

the steering committee, and for this reason I am constrained to submit my

comments in a minority statement.

In the course of the workshop it was agreed that there is a significant
application for environmental maps in the areas of public information,
The original "environmental
resource protection, and scientific analysis.

value mapping" had specific reference to the assignment of quasi-objective

values to areas in biological terms, to minimize the environmental con
The word "value" was
sequences of allocation to destructive water uses.

deleted in deference to the relative importance of other map applications

Which do not require assignment of biological worth and because "value" is
a relative term dependent on an individual's immediate needs and perspective.
It was my view that this did not go far enough.

The use of environmental

maps for determination of relative biological value is not scientifically
defensible, and in my opinion the contributions to the workshop amply
supported this.

The concluding report of the workshop's steering committee

should therefore specifically warn against the use of environmental maps
for this purpose.

This workshop was well

attended by fisheries biologists, their views

generally stood in sharp contrast with those of the biologists who work

with organisms at lower trophic levels.

The most obvious difference was

that the fisheries biologists view the continuing depreciation of_the

waters with far greater alarm.

They feel that the sequential degradation

of the fish communities caused by the combined action of the several kinds

of human stress as observed in the lower Great Lakes, will result in the
Further, the
near future in the loss of all usefulness of the resources.

progression of this process in the upper Great Lakes can be projected for
There is a need for an immediate halt to the
only somewhat later dates.
process, and Canadian fisheries biologists are intensely concerned with
recovering lost resources to whatever extent possible.
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The other contrast lay with the degree of concern expressed by fisheries
biologists for the health of whole ecosystems.
Their point of view was

essentially that "good" areas or "less good" areas cannot be defined because

they all contribute functionally to the productivity of the systems.
The
basis for the disagreement is hard to understand.
I do not suggest that my
water quality colleagues have a faulty perception of the ecosystem, but one

thought which occurs is that they may have grown accustomed to thinking of
systems without fish. While other components of the aquatic systems are

planktonic or more or less sedentary,

fish rove widely.

The mobility of

fish, therefore, significantly extends the spatial limits of the ecosystem.
Conversely, it could be that the water quality biologists, in fact, have the
same perception of the ecosystem as the fisheries biologists, but take the

view that an "ecosystem approach" cannot be translated into practical applica
tion for water pollution control management.

However,

the view of fisheries

biologists that water pollution control cannot be postponed is equally pragmatic. What this says is that a new initiative is indicated, and constructing

maps to make allocation procedures more sophisticated is only more of the

same old thing.

Two final observations seem appropriate. First, it is likely that a
mapping program will develop in the U.S. and part of its purpose may include
the development of a resource value scheme to control allocation.
I would
not suggest that there is a clear concensus in Canada on the matter, but a

number of Canadian water quality

workersexpressed misgivings ab0ut utilizing

the mixing zone concept as a vehicle for proposed improvements in allocation
arrangements.
It seems prudent therefore, to avoid committing Canada to an

important international initiative until

thereis clear agreement on the most

desirable national objective. In other words,
embarrassing in future.

a rash decision now could prove

The second is that the difference in point of view between water quality

and fisheries biologists is very important and it exposes a disparity in
objectives and methods in the two areas of water resource management which
cannot be allowed to persist.
I believe that my colleagues on the workshop

steering committee also believe this to be true but feel that this is not an
appropriate forum in which to air the issue. My response is--if not here,

where?

SUMMARY AND RECOMMENDATIONS

g

Most fishery workers take the view that mapping for the purposes of
allocating further degradative uses to the lakes represents the worst possible
misapplication. The consensus is that further pollution is altogether inimical
to future use of the lakes for recreational and commercial fisheries, and
that, in fact, all efforts must be directed towards pollution abatement.
The
concept that future absorptive capability is compatible with high quality
fish production is, in other words, highly suspect.
From this perspective,
mapping has important application in terms of rehabilitative efforts, but
should be tightly incorporated in programs designed specifically to this end.
First priority should be given to lake scale studies to advance the ecologi
cal
understanding which is necessary for rehabilitation.
These studies should be
funded with greatest emphasis on monitoring and modelling. Mapping should
be

recognized as an intrinsic component of a monitoring program.
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RESEARCH ADVISORY BOARD

As used herein,

1.

stration and
"research" includes development, demon

research activities, but does not include
of water quality.

regular monitoring and surveillance

the Research Advisory Board
The functions and responsibilities of
2.
da and the United States concerning
relating to research activities in Cana
Lakes System shall be as follows:
the quality of the waters of the Great
(a)

e research activities
To review at regular intervals thes

in order to:

ity of research results,
(i) examine the adequacy and reliabil
ctiveness of their application;
effe
their dissemination, and the

scope, and inadequacies
(ii) identify deficiencies in their

ng schedules;
in their funding and in completi
projects that should be undertaken;
(iii) identify additional research
rams for which international
(iv) identify specific research prog
cooperation will be productive;
(b)

ns of scientific opinion to
To provide advice and consolidatio
particular problems referred
the Commission and its boards on
ission or its boards;
to the Advisory Board by the Comm

(c)

rmal international
To facilitate both formal and info

(d)

Commission.
To make recommendations to the

arch;
cooperation and coordination of rese

own authority may seek analyses,
The Research Advisory Board on its
3.
ntal
other professional, academic, governme
assessments and recommendations from
r quality
the problems of the Great Lakes wate
or intergovernmental groups about
vities.
research and related research acti

4.

composition
on shall determine the size and
The International Joint Commissi
ld appoint members to the

The Commission shou
d.
of the Research Advisory Boar
rnment
ral, State and Provincial Gove
Fede
ate
Advisory Board from appropri
lved in
invo
ions
itut
, organizations and inst
agencies and from other agencies
ission
Comm
the
ents
In making these appointm
es.
Great Lakes research activiti
al
stri
indu
the academic, scientific and
should consider individuals from
arily upon
Membership should be based prim
ic.
communities and the general publ
of the
work
the

potential contribution to
an individual's qualifications and
Advisory Board.
5.

cooperation
ld work at all times in close
The Research Advisory Board Shou

d.
with the Great Lakes Quality Boar
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Quality Criteria Committee
The Task Force on Scientific Basis for Water

mandate to:
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2.

ing research related to
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Lakes to
t
Grea
water quality criteria for the

a.

to identified needs.
Determine relationship of ongoing work

b.

efforts.
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ory Board concerning the
Make recommendations to the Research Advis
above matters.
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